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ABSTRACT 
EFFICACY OF POSTEMERGENCE GRASS HERBICIDES 
AND THEIR EFFECTS ON 
YIELD AND QUALITY OF ALFALFA 
DURING THE ESTABLISHMENT YEAR 
SEPTEMBER 1990 
FRANK J. HIMMELSTEIN, B. S. UNIVERSITY OF CONNECTICUT 
M.S. UNIVERSITY OF CONNECTICUT 
Ph.D. UNIVERSITY OF MASSACHUSETTS 
Directed by Prasanta C. Bhowmik 
Postemergence grass herbicides may decrease the dependence upon the currently 
available preplant incorporated herbicides for weed control during alfalfa establishment. 
Sethoxydim, fluazifop, haloxyfop, quizalofop, fenoxaprop, SC 1084 and BAS 517 02H 
evaluated in eight separate studies effectively controlled both annual grass weeds such as 
large crabgrass, fall panicum and yellow foxtail and perennial grass weeds such as 
quackgrass in spring seedings of alfalfa at several stages of maturity. 
The maximum first harvest alfalfa yields generally were obtained when the annual grass 
weeds were controlled prior to seven weeks after planting. In quackgrass-infested alfalfa 
seedings, herbicides were more effective when applied prior to the seven-leaf stage of 
quackgrass growth. Split and single applications of grass herbicides resulted in similar 
quackgrass control. Tank mixtures of grass herbicides with 2,4-DB controlled both the 
annual broadleaf and grass weeds. Preemergence treatments of several herbicides 
controlled annual grass weeds when applied at three to four times the rate required for 
postemergence control. 
Herbicides decreased total forage yields, however removal of the weed component 
increased alfalfa yields. Greater alfalfa yield increases were obtained at the first harvest 
when the weed component of the forage ranged from 50 to 90%. The weed component of 
v i 
the forage in addition to the time of the first harvest affected the forage quality. The CP 
content of the untreated annual grass weeds and quackgrass ( 8 to 15%) was lower than 
alfalfa (18 to 20%). The CP content of the forage increased as the weed component 
decreased. The ADF content of the first harvest forage varied between the annual grass 
weeds and alfalfa, however the higher ADF content of quackgrass (40%) compared to 
alfalfa (33 to 35%) will reduce the digestibility of the forage. The higher NDF content of 
the untreated annual grass weeds (65 to 75%) compared to alfalfa (48 to 55%) will reduce 
the voluntary intake of the forage. Reduced herbicide rates resulted in lower weed control 
but increased the CP content and decreased the ADF and NDF content of the remaining 
weed component The lower weed component of the second harvest forage and the higher 
quality of the weed regrowth after the first harvest generally had little affect on the forage 
quality of the second harvest. 
• • 
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CHAPTER I 
GENERAL INTRODUCTION 
Reducing Feed Costs in the Future 
The world population is expected to increase to more than 6 billion in the year 2000. 
The increased demand for food in the future will put a greater demand on North America's 
grain reserves (172). Grains for animal feeds may become less available and at higher 
prices. Such a trend will mean increased reliance on forages and by-product feeds in future 
ruminant production. 
The forage and grassland resources of the United States are immense, highly diverse, 
utilized far below potential and occur in all geographic regions of the nation (60). If this 
land is to make contributions to world food needs it must be through the production and 
utilization of forages. The vast majority of this land is too steep or too poorly drained or 
limited in some way which prevents this land from being utilized for anything but forage 
production. 
Farmers in the Northeast, in particular, have converted their most productive available 
forage acreage for the production of silage com. Com silage is similar to high quality 
alfalfa hay in total digestible nutrients and net estimated energy, however, it is much lower 
in crude protein (CP). The average CP content of com silage is 9% or above while the 
average CP content of good quality alfalfa hay is 18% or greater (5). Farmers feeding a 
ration mainly of com silage must rely heavily on purchasing additional feed to supplement 
the protein requirements for their lactating dairy animals. Farmers in the Northeast 
continue to increase the quantity of purchased protein in the dairy ration rather than produce 
and utilize legume forage to meet protein needs (60). Feed costs are the single largest 
production expense in the region. 
More emphasis should be placed on legumes such as alfalfa in order to halt the growing 
dependence on purchased protein supplements. Alfalfa can increase the home-grown 
forage potential for yield, total digestible nutrients, energy and protein production. At 
1 
equal digestibility, animal intake of legumes is greater than that of grass forages (163). 
Grasses in general contain more cell walls than legumes at equal digestibilities and the cell 
wall concentration increases more in grasses than in legumes as digestibility decreases. 
Alfalfa extends the growing season over that of grasses alone through a more uniform 
seasonal distribution of dry matter production (87). 
Despite the excellent feed value of alfalfa the percentage of dairy farmers in the 
Northeast who rely on the production of alfalfa hay on the farm has declined. This is partly 
due to the unpredictable hay making weather of the Northeast, especially if a first cutting of 
hay is desired. Although the climate in the Northeast is well suited for production of 
alfalfa, the number of acres of conventionally seeded alfalfa using the currently registered 
preplant incorporated herbicides has not increased for several reasons: (1) lack of easily 
tillable land; (2) the number of trips over the field for conventional seedings becomes costly 
and time consuming; (3) increased erosion potential; and (4) possibility of seeding failures 
(127). 
The economic losses directly or indirectly caused by weeds in alfalfa in the 12 
Northeastern States have been estimated over 88 million dollars (94). Of this total 21% 
was due to loss in yield. The largest loss attributed to weeds in alfalfa was due to loss in 
quality which comprises 51% or 45 million dollars. Annual grasses such as foxtail (Setaria 
spp.), fall panicum (Panicum dichotomiflorum L.), annual bromes (Bromus spp.), 
barnyard grass (Echinochloa crusgalli L.) continue to be problem weeds in alfalfa. Fall 
panicum and crab grass (Digitaria spp.) are weeds which are increasing in frequency in 
alfalfa stands. This necessitates research for the control of grass weeds in alfalfa (94). 
The development of non-selective herbicides, glyphosate (N-(phosphonomethyl) 
glycine) and paraquat (l,l-dimethyl-4,4-bipyridinium ion) allows for the production of 
alfalfa hay by no-tillage means on marginal sites. The number of trips over the field and 
the potential for erosion are greatly reduced using these materials. Control of annual 
grasses has been a problem due to the lack of residual activity of these herbicides, 
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particularly when seedings are made into old com fields (127). Volunteer grains have 
caused establishment problems when seeding alfalfa into grain stubble (166). 
Annual and perennial grass weeds pose a threat to the successful establishment of new 
alfalfa seedlings. The use of a postemergence grass herbicide for alfalfa that does not 
require incorporation for activation in either conventional seedings where incorporation is 
not possible or to control grassy weeds in no-tillage alfalfa seedings would greatly increase 
the success of alfalfa establishment over a wide range of land sites. This could have a 
significant impact on cropping systems in the Northeast 
The registration of a postemergence grass herbicide for alfalfa has contributed new weed 
control technology to the production of alfalfa hay by conventional or no-tillage methods 
and should increase the ability of farmers to produce high quality alfalfa forage on the farm. 
More reliable systems of producing high quality alfalfa could offset the rising costs of 
purchasing additional feed from outside sources. 
Effects of Weed Competition on Legume Development 
Legumes such as alfalfa during establishment grow more slowly than many weeds. 
Annual and perennial weeds affect the growth and yield of legumes through competition for 
nutrients and by altering light, temperature or moisture conditions within the crop. Weeds 
are able to grow and reproduce themselves with greater ease than most crop plants, 
particularly under poor fertility conditions. 
Many weeds can utilize forms of soil phosphates which are not readily available to 
cultural plants indicating a strong feeding power for weeds to take up soil phosphorous (P) 
(68). Some weeds were able to take up sufficient amounts of P where grasses and legumes 
already showed P deficiency symptoms. Appreciable differences in P content can exist 
between weeds and cultural plants. 
A number of weed species and grasses were found to be vigorous competitors for 
potassium (K) in comparison to legumes. Competition for K is a factor in maintaining 
legumes, particularly where the available soil K is low. Crabgrass and other weeds can 
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grow vigorously where the available soil K is low (6). In a third cutting of alfalfa 85% of 
the dry matter from plots not receiving fertilizer since the first cutting of the previous 
season consisted of crabgrass. Plots receiving the highest amount of K had 12% 
crabgrass. Weeds contained larger percentages of K than alfalfa that was growing on the 
same plots whether the soils were deficient in K or not. Alfalfa had poor competitive 
power with other plants unless fertilized with K. 
Weeds in a grass legume mixture can contain more K than the grasses which can contain 
more K than the legumes (10). The quantity of K removed by the non-legumes increased 
as the yield of ladino clover (Trifolium repens L.) decreased for each K level. Average K 
content of ladino clover, grasses and weeds were 2.16%, 2.73%, and 3.37% respectively, 
where 150 pounds of potash per acre was applied. Greater uptake of potassium by weeds 
than red clover (Trifolium pratense L.) has been reported (97). 
Drought tolerance attributed to alfalfa results from an extensive root system. Alfalfa and 
alfalfa-grass mixtures effectively use available soil moisture (162). Alfalfa and alfalfa- 
grass mixtures exhausted most of the available soil water at lower depths when 
precipitation during the growing season was below normal. 
The characteristic large root growth of alfalfa does not occur at low light intensities (57, 
58). A linear growth response to light treatments ranging from 2400 to 14400 foot candle 
hours per day was found for alfalfa, red clover and birdsfoot trefoil (Lotus comiculatus L.) 
seedlings. Decreasing the light intensity resulted in a greater decrease of the root growth 
than the top growth of alfalfa (31, 131). Decreasing the root growth reduces the alfalfa 
plant's ability to take up moisture and nutrients particularly at depths in the soil occupied by 
a small root system which is more subject to dryness. The decrease in the dry matter 
partitioning into roots at low light intensity may be a major factor in alfalfa seedling 
survival in heavy weed competition. 
Yields of several alfalfa seedling age groups (2,4 or 6 weeks) decreased after 15 to 19 
days of growth as light levels decreased from 8611 to 2152 lux. (31). The yield reduction 
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was greatest for the youngest seedlings. Dense stands of weeds readily extract available 
soil moisture from the soil surface (159). Young alfalfa seedlings, in particular, may suffer 
from drought due to the restricted root systems resulting from shading as well as nutrient 
and moisture competition. 
The number of nodules in alfalfa decreased rapidly as the light intensity decreased 
(131). Nodulation was resumed when shading was removed. Loss of nodulation by 
alfalfa seedings under reduced light intensities may be an important factor contributing to 
the loss of legume seedlings in the field. On nitrogen deficient soils legume seedlings with 
their reduced root system could not obtain sufficient nitrogen for normal growth. With few 
or no nodules survival of alfalfa seedlings would be impaired. 
Dense stands of weeds shade alfalfa seedlings producing cooler temperatures for 
growth. Flowering of "Vernal" alfalfa was delayed 16 days when grown in a cooler 
temperature regime (18 C day/10 C night) (147). All leaves on plants in the warmer regime 
remained intact and green while many of the leaves in the cooler regime became yellow 
with drying of some lower leaflets and increased leaflet drop from the shoots. Rapid 
recovery of plants was obtained after removal of shade (131). Alfalfa plants shaded by 
weed growth tended to be more succulent and less able to withstand high temperatures and 
low moisture conditions. Removal of a heavy weed stand after the first cut may expose 
alfalfa plants to adverse weather conditions during regrowth. 
Effects of Weeds on Forage Yields 
Dense weed populations growing in competition with alfalfa severely reduce alfalfa 
yields. Heavy infestations of weeds in new seedings of alfalfa reduced stand density and 
stand density increased following weed control (101). The seasonal production of alfalfa 
obtained from four harvests was 4000 kg/ha greater in cheat - (Bromus secalinus L.) free 
plots in one location in comparison to plots overseeded with cheat (130). 
First cutting alfalfa yields in new seedings have been increased when annual grass and 
broadleaf weeds were controlled (50, 101,120). In most cases the method of 
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establishment had a major effect on only the first cutting of the establishment year. Latter 
cuttings were unaffected by the method of establishment (50, 95,102). Weed control in 
new or existing stands of alfalfa prior to harvest resulted in higher alfalfa yields, but lower 
or unchanged total yields (34, 46, 50,157). Although total forage yields were not 
increased in many cases, increasing the alfalfa component resulted in higher quality forage. 
Weed control in seedling alfalfa under low moisture conditions was more beneficial than 
under normal rainfall conditions (123). Alfalfa yields increased from 0 to 1350 kg/ha for 
the first harvest and from 160 to 1680 kg/ha for the second harvest when weeds were 
controlled in one area with low rainfall. In another location which received nearly normal 
yearly rainfall, alfalfa yields increased from 1000 to 4370 kg/ha at the first harvest but no 
differences in yield existed at the time of the second harvest Weed control increased alfalfa 
yields under all conditions. The greatest percent increase in yields throughout the growing 
season occurred during reduced soil moisture conditions. 
Alfalfa grown for seed purposes seeded in rows and kept weed free produced 820 kg/ha 
of alfalfa seed during the year of seeding (37). Competition from a dense population of 
annual weeds reduced the seed yield to 45 kg/ha. When bamyardgrass was eliminated, the 
remaining broadleaf species reduced the alfalfa seed yields by 90%. When broadleaf 
weeds were eliminated, bamyardgrass tillered profusely reducing alfalfa seed yields by 
80%. 
High dry matter yields of alfalfa were obtained across the country from two or three 
cuttings of alfalfa during the establishment year when weeds were eliminated; 6700 kg/ha 
of alfalfa in Missouri and Connecticut, 5400 kg/ha in Maine, 4500 kg/ha in New York, 
5650 kg/ha in Michigan and 11,000 kg/ha from four cuttings during the seedling year in 
Illinois (121). 
First harvest forage yields were reduced when controlling quackgrass in alfalfa stands 
during the spring since the bulk of the quackgrass growth occurred during the spring (46, 
51,160). Increased suppression of quackgrass with glyphosate increased alfalfa vigor and 
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establishment (105). Total alfalfa yields from three harvests following seeding were 6900 
and 6700 kg/ha when glyphosate at 2.2 kg/ha was applied in the fall and spring 
respectively, compared to the total alfalfa yield in the untreated check (3600 kg/ha). 
Effects of Weeds on Forage Quality 
.Annual and perennial weeds, in addition to decreasing the yield and survival of small- 
seeded legumes such as alfalfa, are objectionable in forage because they lower the 
nutritional value. Alfalfa is grown as the primary source of high protein forage for the 
dairy industry. High quality alfalfa silage is equal to com silage for milk production with 
reduced problems from milk fat depression (16). 
Maximum returns in dairy production occur when dry matter intake is maximized (91). 
Forage at 60-65% digestibility is adequate to support milk yields of near 5000 kg/yr by 
Holstein cows (134). Forage at 70% digestibility and consumed at 3.3% of body weight 
would sustain a production of 34 kg of milk per day or a potential yield of 8156 kg per year 
in a 635 kg Holstein demonstrating the importance of forage quality in ruminant nutrition. 
Unlike weeds in row crops, weeds in forage crops contribute to rather than reduce total 
dry matter yields. Therefore, their major detrimental effects are on forage quality and 
animal utilization (32, 46, 99, 157). Forage yields may not be increased with certain 
herbicide treatments, however, herbicides may increase the alfalfa percentage in the forage 
by removal of the weed species resulting in an increase in forage quality. 
Feed costs contribute 60 to 75% of the variable costs of milk production (77). 
Improving forage quality leads to higher milk yields and lowers production costs by 
reducing the amount of grain and protein supplement needed. Weeds in alfalfa could 
reduce dry matter quality by lowering its nutritional value and palatability. One-third of the 
value of forage is usually associated with its nutritive content, but two-thirds is associated 
with animal intake (163). 
Many weeds are not eaten by cattle and other foraging animals. Weeds may be toxic or 
unpalatable to livestock or give milk an off-flavor (121). An alfalfa-grass forage containing 
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20% yellow rocket (Barb are a vulgaris R. Br.) reduced animal intake when yellow rocket 
was contained in the forage (47). In feeding trials with goats, the forage containing yellow 
rocket was not readily consumed. Goats separated the yellow rocket out of the forage and 
ate only the alfalfa and grass components. Hay containing yellow rocket was not readily 
eaten by cows (142). Specific characteristics such as alkaloids may be highly associated 
with lack of palatability of some plant species or genotypes (98). Natural and induced 
environmental factors frequently influence plant selection by ruminants as well. 
The feeding behavior of goats was not affected by forage containing a 34% infestation 
of white cockle (Lvchnic alba Mill.) (47). Although the crude protein (CP) content of the 
forage was slightly lower than the weed-free forage, the white cockle was eaten as readily 
as the alfalfa and grass components. Herbicide treatments did not affect the CP content of 
the first or second cutting forage when infested with broadleaf weeds (181). 
Palatability of weeds is not associated with nutritive value (99). Yellow foxtail fSetaria 
lutescens (Weigel) Hubb.], bamyardgrass, green foxtail (Setaria viridis (L.) Beauv.), 
redroot pigweed (Amaranthus retroflexus L.), Pennsylvania smartweed (Polygonum 
pennsvlvanicum L.) and common lambsquarters (Chenopodium album L.) were found as 
palatable to sheep as was oats (Avena sativa L.) but giant foxtail (Setaria faberi Henm.), 
wild mustard (Brassica kaber (D.C.) L.C. Wheeler), giant ragweed (Ambrosia trifida L.) 
and common cocklebur (Xanthium pensvlvanicum Wallr.) were found unpalatable. 
Although the grass weeds were lower in forage quality than the broadleaf weeds, 
palatability was unaffected. Some weeds may have a greater impact on the feeding value of 
a forage than other weeds. Utilization of cultural and chemical control practices that 
maintain the productivity of forage species which are not weeds would be more 
advantageous. 
Weeds, when eaten, usually contribute less protein and minerals than alfalfa. Some 
weeds generally have relatively high nutritional value at optimum stages of maturity, 
however, they are often beyond these stages when alfalfa is harvested. Grass weeds such 
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as fall panicum, texas panicum (Panicum tcxacum Buckl.), yellow foxtail, large crabgrass 
and crowfootgrass rDactvloctenium aegvptium (L.) Richter] are more digestible and higher 
in CP at the vegetative stage than at the flowering or heading stage (11). The CP content of 
fall panicum and large crabgrass declined from 19.0% and 14.3% at the vegetative stage, 
respectively to 7.2% and 6.4% at the heading stage, respectively. The grass weeds at 
advanced stages of maturity had CP concentrations that would be inadequate for high 
producing ruminants. 
Virginia wildrye (Elvmus virginicus L.), wild oats (Avena fatua L.), little barley 
(TIardeum pusillum Nutt.) and cheat were found similar to the cultivated forages rye 
(Secale cereale L.), tall fescue (Festuca arundinacea L.), ladino clover and hairy vetch 
O/icia villosa Roth.) at the vegetative stage of maturity as indicated by in vitro dry matter 
digestibility (IVDMD), but were lower at the oldest stage of maturity (12). The IVDMD of 
these and other weeds declined more rapidly with stage of maturity than the cultivated 
forages. The CP content of the grass weeds were lower at both the vegetative stage and 
oldest stages of maturity. All weeds at the heading stage were lower in protein than the 
legumes, ladino clover and hairy vetch. The CP content of weeds ranged from 6.8 to 
13.8%. In contrast, the CP content for the legumes ranged from 23.2 to 26.2%. 
Weeds such as annual bromes and quackgrass are nutritious and eaten by livestock 
when at an immature growth stage (121). Stems and leaves of these weeds become coarse 
with increased maturity and livestock do not readily eat them. 
The calcium (Ca) concentration of grass weeds was lower than broadleaf weeds (11, 
99). The potassium (K) concentration of yellow foxtail was higher than all broadleaf and 
grass weeds tested. The K to Ca and magnesium (Mg) ratio exceeded 2.2 for yellow 
foxtail indicating that this forage may induce grass tetany or hypomagesemia if consumed 
as the sole forage for a period of time. Grass weeds such as Virginia wildrye, wild oats, 
cheat and little barley were among the weeds classified as tetany prone (12). 
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A number of warm season weeds tested at the vegetative stage could offer ruminants a 
nutrient level comparable to cultivated grasses such as Coastal Bermudagrass fCvnodon 
dactvlon (L.) Pers.] and pearlmillet IPennisetum tvphoides (Burnri Staph and C.E. Hubb.] 
(11). Such weeds would be nutritionally inferior to vegetative alfalfa if a comparison was 
made. The nutritional value of 20 weed species found in hay and pasture fields was ranked 
according to high, medium and low nutritional values (49). Many of these weeds were 
found to constitute a potentially valuable food for livestock, however, the majority were 
either toxic or occupied situations in which they were inaccessible to grazing animals. 
The protein content of alfalfa hay has been shown to be directly related to weed 
component of the forage (32,33). The protein content of alfalfa hay was reduced an 
average of 0.10% with each one percent increase in weed material. The CP content of the 
weed species was lower than alfalfa. In addition, the weeds were quite mature by the time 
the alfalfa was ready for harvest. This may be an overestimated value of weedy hay, 
however, since palatability was not determined. 
Removal of a severe weed infestation in thin stands of alfalfa with herbicide treatments 
can decrease first cut forage yields, however, this can increase forage quality (34). The 
CP content of the forage could be improved by increasing the alfalfa percentage in the 
forage although alfalfa yield does not increase. In dense stands of alfalfa with light weed 
infestations, where forage quality is high and the weed infestation is not limiting 
production, little benefit is realized from herbicide treatment. In dense stands of alfalfa 
with severe weed pressure, the potential exists for benefits from herbicide treatments. 
Removal of the weed component of the forage results in higher protein forage without 
reducing forage yield. Vigorous alfalfa stands will be improved from reduced weed 
competition. 
Several assays can be used to compare the nutritional value of forages. Acid detergent 
fiber (ADF) is an assay used to estimate digestibility being inversely related to it. This 
assay measures the cellulose, lignin, silica and unavailable nitrogen fraction in the plant. 
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ADF concentration in plants is highly correlated with IVDMD in alfalfa, temperate grasses 
and subtropical grasses (140). Neutral detergent fiber (NDF) is a chemical assay used to 
estimate voluntary intake. This assay measures the lignin, cellulose and hemicellulose 
components of the plant Hemicellulose is significantly correlated with forage intake but 
not correlated with digestibility. NDF concentration has the highest correlation with 
voluntary forage intake. Voluntary forage intake is a function of the rate of digestion, 
which influences the rate of passage and the amount of forage an animal can consume 
(140). Grasses contain less lignin and more hemicellulose than alfalfa at the same relative 
digestibility (163,164, 165). The lower lignin content is offset by the greater 
hemicellulose and higher cell wall content, so that digestibility is the same. This reduces 
the intake and net energy values for grasses than for alfalfa of the same total digestible 
nutrient content 
Alfalfa has been reported higher in quality than hoary alyssum ('Berteroa incana (L.) 
(93). The CP content was 38% higher, and the NDF and ADF content were 18 and 29% 
lower, respectively. A reduction in the CP content and an increase in the ADF levels were 
found in weedy hay compared to the other forages. Animal utilization, as measured by the 
dry matter intake, digestible dry matter intake, relative intake and nutritive value index was 
greater for weed-free than for weedy forages. Grassy weeds were higher in NDF and 
hemicellulose content than alfalfa. The IVDMD was highest for alfalfa and lowest for the 
grasses. Grass weeds have been shown to have three times as much hemicellulose as the 
broadleaf weeds (99). Higher hemicellulose content in grass weeds is similar to the higher 
hemicellulose levels in cultivated grass species compared to legumes. The higher cell wall 
concentration of the grass weeds may account for lower intake potential than for either 
broadleaf weeds or alfalfa. 
Decreases in the protein content of alfalfa forage have occurred when overseeded with 
cheat (130). The lower protein content of forage in plots where cheat was not controlled 
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was attributed to the replacement of high protein alfalfa with lower protein cheat. The CP 
content of pure alfalfa was 17.6%, whereas the CP content of cheat was 8.4%. 
The CP content of common lambsquarters and common ragweed have been reported 
similar to that of alfalfa while yellow foxtail, redroot pigweed, Pennsylvania smartweed 
and shephendspurse rCapsella bursa-pastoris (L.) Medic.] all had CP concentrations lower 
than alfalfa (157). The CP content of all six annual weeds decreased and the ADF and 
NDF content increased as harvest was delayed. Early maturing weeds such as yellow 
foxtail and shepherdspurse had the greatest impact on forage quality since these weeds 
were producing seeds by the time the alfalfa was harvested. Weedy forages were found to 
be inadequate for sheep growth in feeding trials while the weed-free alfalfa forage resulted 
in greater growth. 
Quackgrass has been shown to contain less CP than alfalfa (46). Although pronamide 
[3,5-dichloro(N-l,l-dimethyl-2-propynil)benzamide] treatments did not affect total forage 
dry matter yields, pronamide applications increased total alfalfa yields, increasing the CP 
content and the IVDMD of the forage. A 20% increase in milk production and an improved 
feed conversion resulted from controlling quackgrass in the first cutting of alfalfa. Higher 
CP levels in treated alfalfa infested with perennial broadleaf weeds compared to weed-free 
alfalfa were also obtained. 
Protein levels in the first cutting hay have been increased when pronamide was applied 
to alfalfa infested with quackgrass (50). The IVDMD was increased for three subsequent 
harvests. Both fall applications of pronamide and spring applications of sethoxydim (2-[l- 
ethoxyimino)butyl]-5-[-2-(ethylthio)propyl]-3-hydroxy-2-cyclohexen- 1-one) increased the 
first harvest CP content of quackgrass infested alfalfa (92). The NDF content of the forage 
decreased as the alfalfa percentage increased. Quackgrass reduction decreased the ADF 
content and increased the IVDMD of the forage. 
The forage quality of sod-seeded alfalfa was improved when an infestation of foxtail 
was controlled (91). A highly significant correlation existed between the percentage of 
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grass in the forage and the CP and NDF content of the forage. The CP content was 
inversely related to the NDF content The CP content decreased as the grass percentage 
increased. 
Mechanical and Cultural Methods for Weed Control in Legume Seedings 
Several non-chemical methods of weed control have been used for weed control in 
legume seedings. Mowing was one method of weed control used to control annual weeds. 
Annual grassy weeds were not reduced by mowing (40). Mowing decreased broadleaf 
weeds compared to the control. 
Many annual grasses cannot be effectively controlled by mowing since regrowth is 
generated from lateral buds near the soil surface (121). This method would also be 
ineffective on perennial grasses such as quackgrass since regrowth is generated from 
underground rhizomes. Mowing alfalfa stands for weed control reduced yields of alfalfa in 
the year of seeding (42). 
Planting alfalfa with a companion crop such as oats has been another method of 
reducing weed competition. Establishment often fails when very dense or lodged 
companion crops smother the underseeded legume (96). During dry periods the 
companion crop may compete for moisture too strongly to allow the legume to establish. 
A companion crop of oats during a dry season can be more competitive in seedling 
alfalfa than the increased weeds which grew in the absence of oats (122). When conditions 
were favorable for legume regrowth following removal of oats, regrowth was fairly rapid. 
Unfavorable conditions for legume regrowth resulted in depressing yield effects in future 
cuttings during both the first and subsequent years of growth. 
Reduction in yields of alfalfa forage can be expected during the seeding year when using 
companion crops to establish alfalfa (2,42, 85,169). Alfalfa yield during the seeding year 
was greater for solo-seeded alfalfa than for alfalfa established with oa. or barley companion 
crops (14, 15). The total and individual harvest alfalfa yields were consistently greater for 
solo-seeded alfalfa than for alfalfa established with rye, wheat and oat companion crops 
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(146). The quality of forage harvested from alfalfa established with companion crops was 
reduced since companion crops lowered the CP content and increased the NDFand ADF 
content of the forage. Farmers prefer significant production of legume in the year of 
planting instead of grain and straw from the companion crop (96). 
Grass Weed Control in Conventional Seedings of Alfalfa 
Grass weed control in conventional seedings of alfalfa has been dominated by preplant 
incorporated materials such as the thiocarbamates (EPTC) and the dinitroanilines (benefin 
and profluralin). These materials must be applied to a dry soil surface and be incorporated 
into the top two or three inches of the soil before planting (116). Application and 
incorporation of the selected herbicide in the same operation assures maximum weed 
control. EPTC (S-ethyl dipropylcarbamothioate) must be incorporated immediately and 
benefin (N-butyl-N-ethyl-a,a,a-trifluro-2,6-dinitro-p-toluidine) and profluralin (N- 
(cyclopropylmethyl)-a,a,a-trifluoro-2,6-dinitro-N-propyl-p-toluidine) should be 
incorporated into the soil within four hours to assure maximum weed control. 
Excellent grass control has been reported in the Northeast with these materials in new 
seedings of alfalfa with significant increases in alfalfa yields over the untreated check (41, 
124, 125, 167). 
A high proportion of the available farmland in the Northeast is hilly or rocky and poses 
great difficulty for establishment of forages by conventional methods. Stony soils pose 
particular problems for the effective incorporation of these chemicals. Increasing amounts 
of residue and surface roughness decreased efficacy of herbicide incorporation (109,143). 
As incorporation efficacy is reduced the potential for weed control is also reduced with 
preplant incorporated herbicides that must be uniformly incorporated for maximum 
efficacy. 
Conventional use of EPTC, benefin and profluralin can involve as many as four trips 
over the field to apply the herbicide, incorporate it and plant the crop. Satisfactory 
incorporation requires a power-driven rotary tiller set to cut two or three inches deep or 
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with a tandem disk set to cut four to six inches deep and operated twice, the second at right 
angles to the first. The herbicides must also be applied to a dry soil surface in order to 
reduce the vapor loss of the product 
While effective weed control has been achieved with these materials temporary stunting 
or injury to alfalfa and other legumes has occurred (50, 95, 128, 180, 181). In addition, 
excessive injury to alfalfa has occurred when seedings are made the year following com 
where atrazine has been used (45). 
EPTC is relatively short-lived in the soil (110). Under field conditions it can last for six 
to eight weeks. The time of seeding can affect the efficacy of EPTC (89). When EPTC 
was applied and incorporated at the time of sowing to seedings made in mid-May or early 
June significant weed control was obtained with excellent alfalfa establishment. EPTC 
caused excessive injury to alfalfa when applied during sowing of a late June seeding. 
Applying the material three and six weeks before sowing in late June was ineffective in 
controlling grassy weeds. Since these materials are not effective on many broadleaf weeds 
a postemergence application for broadleaf weed control must also be made later in the 
season. 
Grass Weed Control in No-tillage Seedings of Alfalfa 
Traditional methods of renovating alfalfa stands include excessive tillage which may 
result in soil erosion (161). With increased costs of machine operation, the importance of 
reducing the number of trips over the field has increased. Furthermore, with less land 
available for tillage, the direct no-tillage seeding method without any soil disturbance is a 
promising alternative, but eliminates the availability of preplant incorporated herbicides for 
weed control. The no-tillage method of forage renovation uses herbicides as a substitution 
for tillage allowing the introduction of alfalfa into weedy, hilly, and previously 
unproductive areas (148, 156). This method of forage establishment offers potential 
advantages over the conventional method of establishment by reducing energy and labor 
requirements, erosion hazards and improving the flexibility and timeliness of the 
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establishment operation (127). Interest in no-tillage renovation of runout haylands and 
unproductive pastures has increased with the advent of improved seeding equipment and 
new herbicides (104). 
Adequate sward suppression is essential for successful no-tillage establishment 
Attempts to sod-seed forage legumes without tillage have failed due to excessive 
competition from weeds and alfalfa plants remaining from the previous crop (104, 106, 
149). Herbaceous weeds and grasses of the sod utilize substantial quantities of water from 
near the soil surface where the legume seed is placed (36). The first few weeks after 
planting are critical to successful establishment of small seeded legumes. Seedling survival 
and development is enhanced by the use of herbicides that kill or suppress a wide range of 
species. 
Paraquat is used as a sward suppressant prior to the no-tillage seeding of legumes. 
Only emerged species are killed by paraquat applications. Paraquat is biologically inactive 
in soil. There is no danger that the planted or dormant crop will be affected by paraquat in 
the soil. Paraquat has no activity on later germinating annual grasses or on new shoots of 
perennial grasses. 
Glyphosate is another non-selective herbicide used for controlling existing vegetation 
prior to no-tillage seeding of legumes. Glyphosate controls a wide spectrum of perennial 
species due to rapid translocation throughout treated plants (103). Glyphosate is 
biologically inactive in soil and does not possess residual soil activity. Timing of 
glyphosate application is important for successful establishment of no-tillage alfalfa 
seedings into sod. Alfalfa seedings must be delayed for a certain period of time after 
glyphosate application. Detrimental effects to alfalfa stands occurred when alfalfa was 
seeded soon after glyphosate application (103, 104, 173). 
Alfalfa seeded into old hayfields allows for a more uniform distribution of forage during 
the growing season in comparison to cool season grasses since alfalfa has a greater capacity 
to withstand hot dry summers (87). Legume establishment by no-tillage methods has been 
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&nc*xs$ful. Increased suppression of quackgrass with glyphosulc incrcUNcd alfulfu vigui 
and establishment (lt>5). Suppression of the sex! with herbicides increased availability of 
% 
water to red clover seed and seedlings (159). Increased soil water content was a 
contributing factor to successful clover establishment. The suppression of existing 
vegetation in old swards of alfalfa and grass was highly correlated to the success of alfalfa 
seedling establishment (91). 
.Annual grass weeds are a sporadically serious problem in no-tillage alfalfa seedings and 
a postemergence grass herbicide is needed to control these weeds (106, 132). Annual 
weeds have increased as the time interval between glyphosatc treatment and no-tillage 
seeding was delayed (104). When no-till alfalfa was seeded two weeks later, particularly 
in plots receiving fall glyphosate treatments, greater growth of large crabgrass occurred 
(105). A well decomposed sod which is necessary for no-tillage forage establishment 
provided favorable conditions for spring germination of crabgrass. Above average rainfall 
in August during two seeding years stimulated the emergence of foxtail, principally in plots 
treated with broadcast applications of glyphosate (91). The bare ground between the rows 
of newly-seeded alfalfa became infested with the weed. 
Annual weedy grasses can severely compete with legumes in no-tillage seedings during 
the establishment year (170). Additional grass control was required to control later 
germinating annual grasses where glyphosate was applied for weed control seven days 
prior to seeding alfalfa into an old timothy (Phleum pratense L.) stand that was infested 
with large crabgrass, fall panicum and yellow foxtail. 
The minimum or no-tillage establishment of forage legumes can pose problems in 
obtaining effective control of weeds (166). A postemergence herbicide for grasses is 
necessary to reduce significant competition from annual grasses in spring seedings made in 
grain stubble and from volunteer grain in fall seedings. Inadequate weed control was 
obtained when spring planted alfalfa was sown in an area heavily infested with annual 
grasses and broadleaf weeds where paraquat was applied for weed control prior to 
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planting. Paraquat and glyphosate gave good control of an existing population of annual 
grasses and broadleaf weeds in a no-tillage seeding of red clover in an oat stubble before 
planting but failed to control a heavy population of volunteer oats which had not germinated 
at the time of herbicide application. The hay composition (dry weight) of a no-tillage alfalfa 
stand when seeded into spring rye stubble after com was 34% alfalfa, 57% annual grass 
weeds and 9% broadleaf weeds at the time of the first harvest (52). 
Postemereence Grass Herbicides 
Postemergence grass herbicides control a broad spectrum of annual and perennial grass 
weeds with no activity on broadleaf species or sedges. Diclofop 2-[4-[2,4- 
dichlorophenoxy) phenoxy] propanoic acid, fluazifop 2-[4-[[5-(trifluoromethyl)-2- 
pyridinyl) oxy] phenoxy] propanoic acid, quizalofop 2-[4-[(6-chloro-2-[4-[(6-chloro-2- 
quinoxalinyl)oxy] phenoxy] propanoic acid, fenoxaprop 2-[4-[(6-chloro-2-benzoxazolyl) 
oxy] phenoxy] propanoic acid and haloxyfop 2-[4-[[3-chloro-5-(trifluromethyl)-2- 
pyridinyl] oxy] phenoxy] propanoic acid are analog compounds that have a phenoxy 
propanoate group attached to various derivatized aromatic groups (29). 
Another group of grass herbicides are analog compounds with a derivatized imino group 
in a derivatized cyclohexene include sethoxydim (2-[l-(ethoxyimino)butyl]-5-[2- 
(ethylthio)propyl]-3-hydroxy-2-cyclohexen-1 -one), alloxydim (methyl-3-[ 1 - 
(allyloxyimino)butyl]-4-hydroxy-6, 6-dimethyl-2-oxocyclohex-3-enecarboxylate) and 
cloproxydim (E,E)-2-[l-[[3-chloro-2-propenyl) oxy] imino] butyl]-5-[2-(ethylthio) propyl]- 
3-hydroxy-2-cyclohexen-l-one). Although these herbicides listed above have different 
chemical structures, they produce similar injury symptoms on susceptible plants and have a 
similar spectrum of selectivity (29). 
Herbicidal Activity and Mode of Action of Postemergence Grass Herbicides 
A number of injury symptoms are produced by these grass specific herbicides on 
susceptible plants. Sethoxydim applied to the foliage of seven day old com seedlings 
stopped leaf expansion within one day (74). No injury symptoms were apparent on the 
18 
mature leaves five days after treatment but new leaves failed to emerge and necrotic 
symptoms appeared at the base of the developing leaves. Necrosis was greater in younger 
expanding leaves than in older leaves indicating that the herbicide specifically affect 
immature leaves. Localized necrotic zones in the apical region of johnsongrass have 
occurred one day after application and extensive collapse of cells at the base of the youngest 
leaf primordia, three days after application (24). Other researchers have also reported 
necrosis in meristematic tissue and necrosis or chlorosis in developing leaf tissue (3, 54, 
155). 
The first visual injury symptom of susceptible plants following application of these 
herbicides appears to be a purple discoloration of the leaves (3). Discoloration was 
attributed to the increase of anthocyanins in the leaves of susceptible plants. Sethoxydim 
increased the anthocyanin levels and total soluble sugars in com seedlings (3). Increased 
anthocyanin levels with sethoxydim was attributed to the increase in sugars (155). 
Sethoxydim may cause an accumulation of these materials by blocking transport or 
interfering with source-sink relationships (3). 
Respiration was reduced in treated plants following application of sethoxydim which 
may result in increased sugar levels (3). The energy supply to the cells was severely 
curtailed with the reduction in respiration. Haloxyfop had no effect on elongation or 
respiration of soybean roots, however, elongation of com roots were completely inhibited 
within 24 hours of exposure (29,161). Haloxyfop inhibited electron transport in isolated 
com root mitochondria. Reduction in the ATP content and respiration rate of com root 
apices were not detected during the period when elongation was inhibited. Therefore, 
impairment of respiration was a secondary response of the herbicide. 
The mitotic index of com was not affected by sethoxydim but bineucleate cells, an 
absence of cell walls and disorientation of daughter nuclei were observed (3). Therefore, 
sethoxydim did not directly inhibit DNA synthesis. The inhibition of cell division in 
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excised com pea root tips was not caused by direct inhibition of DNA synthesis or be 
effects on respiration (75, 76). 
Apparent photosynthesis was not directly inhibited by sethoxydim until the growth of 
newly developing and meristematic tissue was halted (54). Results from these studies 
indicates that various metabolic processes will be impeded which may result in reduction in 
growth and death of treated plants. 
Postemergence grass herbicides are rapidly translocated to the meristematic growing 
point followed by a rapid cessation of growth. Cells in this region become necrotic and the 
plant dies (80). Rapid absorption lessens the chance that rainfall will interfere with 
effective application and subsequent control. Rainfall four to five hours after application of 
sethoxydim had no affect on efficacy (56). Rainfall one hour after application of fluazifop 
did not significantly affect its activity. Sethoxydim concentrations of one percent applied to 
com leaves in the three- to four-leaf stage of growth inhibited leaf growth within 24 hours 
(34). Sethoxydim applied to seedling johnsongrass injured developing johnsongrass 
leaves, roots and shoot apices within one day of sethoxydim application (155). 
Most of these herbicides appear to act slow when visually observed. Although 
suppression of growth is noted visually a few days after application, injury symptoms 
appear in five- to seven-days under favorable growing conditions (100). Cooler 
temperatures generally result in a longer period of time to achieve complete kill (100,154). 
Substantial kill is observed 14 to 21 days following application, depending upon the 
growth stage of the plant and the weather conditions at the time of the treatment (154). 
Quackgrass control was greater at 30 C than 20 C (82). Translocation of sethoxydim into 
bermudagrass (Cvnodon dactvlon L.1 at 35 C was approximately four-fold greater at 100% 
relative humidity and two-fold greater at 40% relative humidity than at 18 C at either 
relative humidity (179). 
The efficacy of a foliar applied herbicide for the control of a perennial grass weed such 
as quackgrass is mainly related to the amount of herbicide absorbed by the treated plants, 
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the amount translocated out of the leaves and the amount that reaches the vegetative 
subterranean parts (27). Rapid translocation of fluazifop to quackgrass occurred when 
fluazifop was translocated to the rhizomes of quackgrass between six and 48 hours after 
application (26). Radioactive studies showed that fluazifop was concentrated in areas such 
as young developed leaves, young stems and rhizome apices showing a phloem dependent 
source to sink relationship (27). 
Differential absorption did not contribute to the selectivity of fluazifop between 
quackgrass and soybean (82). Differential uptake and translocation did not account for 
selectivity of sethoxydim between susceptible johnsongrass and tolerant soybean since half 
as much sethoxydim was translocated to the apical leaves of johnsongrass than soybean 
(155). Sethoxydim absorption into excised roots of susceptible com was greater than 
excised roots of tolerant pea (Pisum sativum L.) (76). Differential rates of sethoxydim 
absorption were not sufficient to account for the different response of susceptible versus 
tolerance species to the herbicide. Rapid absorption and translocation of sethoxydim by 
susceptible johnsongrass and bermudagrass and tolerant soybean has also been reported 
(23, 179). 
Rapid degradation of sethoxydim in both grasses and dicotyledonous crop plants 
showed no basis for selectivity (25). Sethoxydim was rapidly metabolized by susceptible 
quackgrass and barnyard grass and tolerant alfalfa and navy bean (Phaseolus vulgaris L.). 
More than 50% of the sethoxydim was degraded in all species after one hour. No major 
differences in absorption, translocation or metabolism of haloxyfop have been found 
between intact plants of soybean and yellow foxtail (18). Cell culture experiments showed 
that tolerant soybean cells did not contain significant levels of haloxyfop while susceptible 
yellow foxtail cells contained high levels of haloxyfop. 
A primary site of action of these postemergence grass herbicides contributing to 
selectivity has been identified. Sethoxydim and haloxyfop affected the fatty acid 
biosynthesis in chloroplasts isolated from com seedlings (22). Both herbicides were potent 
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inhibitors of Acetyl Coenzyme A Carboxylase in com, a susceptible species, whereas the 
enzyme from pea, a tolerant species, was tolerant to the herbicides. 
Acetyl Coenzyme A Carboxylase was the primary site of action of sethoxydim and 
haloxyfop in tall fescue, a susceptible species, and that the tolerance of red fescue (Festuca 
rubra L.) to these herbicides was due to differences in enzyme properties at the site (152). 
Acetyl Coenzyme A Carboxylase was the primary site of action of sethoxydim in tolerant 
and unselected cell lines of com (177). Acetyl Coenzyme A activity was higher in the 
tolerant com cell line than in the selected line in both the presence and absence of 
sethoxydim suggesting that site as a basis for selectivity. 
Annual Grass Control with Postemergence Grass Herbicides 
Postemergence treatments for annual grass control can be applied to annual grasses at 
any growth stage throughout the growing season. Grass control may be reduced when 
postemergence grass herbicides are applied too early, however, since the majority of 
grasses may not have emerged. Postemergence grass herbicides can control various 
grasses as they mature, however, season long grass competition to the crop may have 
suppressed yields making some applications impractical. The ability to control weedy 
grasses at a wide range of growth stages gives growers ample flexibility in the timing of 
treatments allowing time to analyze the problem and to determine whether control measures 
are necessary. 
Postemergence grass herbicides are active at rates as low as 0.07 kg/ha when applied to 
grasses at an immature stage of growth. Degree of control is dependent upon the herbicide, 
weed species and stage of growth. Fluazifop applied at the pretillering stage at 0.07 kg/ha 
gave 79 to 85% control of large crabgrass, goosegrass (Eleusine indica L.) and yellow 
foxtail (38). The same rate applied at the early tillering stage gave 84% control of 
goosegrass; however, control of large crabgrass and yellow foxtail was only 53 and 58% 
respectively. Increasing the rate of fluazifop to 0.56 kg/ha was required to achieve 
acceptable control of all three species at the tillering stage. Goosegrass could only be 
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effectively controlled at this rate at the late tillering stage. The greater sensitivity of 
goose grass to fluazifop was due to a greater absorption and translocation of the herbicide 
than the other two species (39). 
Sethoxydim provided greater control of large crabgrass, goosegrass and broadleaf 
signalgrass (Brachiaria pltvphvlla L.) at early than late applications (28). Fluazifop applied 
at 0.28 and 0.41 kg/ha, sethoxydim at 0.34 kg/ha and haloxyfop at 0.14 kg/ha gave better 
control when applied postemergence to texas panicum (Panicum texanum Buckl.), large 
crabgrass and broadleaf signalgrass in the two- to four-leaf stage than when applied at the 
six- to eight-leaf stage (59). Increased application rates were required to provide acceptable 
weed control at the later stage of growth. 
Adjuvants increased grass control at lower herbicide application rates (66). Increased 
phytotoxicity to large crabgrass was observed as the rate of sethoxydim was increased. 
The adjuvant effect decreased as the rate of herbicide increased. Translocation of 
sethoxydim in oats increased as the rate of the adjuvant increased (107). The increase in 
translocation was less for the higher rate of sethoxydim than the lower rates when 
adjuvants were included. Recovery of fluazifop from treated leaves increased when 
adjuvants were used (108). Reduced vapor loss with adjuvants could be an important 
factor in weed control when these grass herbicides are applied in warm, windy and dry 
field environments. Sethoxydim provided greater control of goosegrass when an adjuvant 
was included with the herbicide (28). 
Phytotoxicity of fluazifop, haloxyfop and sethoxydim to forage sorghum fSorghum 
bicolor (L.) Moench *Rox Orange'] and yellow foxtail increased when carrier volume 
decreased (21). This may be due to small herbicide droplets, higher concentration within 
the droplets and increased spray retention. The phytotoxicity of sethoxydim was not 
altered by changes in carrier volume or adjuvant rate under conditions of adequate 
moisture, however, under limiting soil moisture giant foxtail control with sethoxydim 
increased when the adjuvant rate and carrier volume was increased (64, 65). 
23 
Use of postemergence grass herbicides in conventional and no-tillage alfalfa seedings 
have been successful. Postemergence grass herbicides provided good control of large 
crab grass in alfalfa seedings with whether these materials were applied either early or late 
postemergence resulting in significant increases in alfalfa yields (70, 71, 72, 126). Early 
postemergence treatments had an advantage in increasing alfalfa yields over late 
postemergence applications. Similar results have been reported with Japanese millet 
fEchinochloa crusgalli var. frumentacea (Roxb.] control in newly seeded alfalfa (72). 
Early grass control was essential in obtaining the maximum increase in alfalfa yields. 
Although the late postemergence treatments provided good control of Japanese millet, the 
greatest seasonal total yields of alfalfa were obtained from early postemergence treatments. 
Alfalfa yields were increased during the establishment year when fluazifop was used to 
control competing annual grasses in both conventional and no-tillage alfalfa seedings 
(166, 170). 
Perennial Grass Control with Postemergence Grass Herbicides 
Quackgrass is an aggressive perennial weed in new and established stands of alfalfa. 
Competition in legume stands by quackgrass has been attributed to the aggressive 
competition of living quackgrass for available light, water and nutrients (84, 112). 
Quackgrass interference in legumes may also be attributed to direct production of toxins by 
quackgrass shoots or rhizomes (53, 88, 115,129). Dried quackgrass rhizomes and leaves 
contained water soluble toxins which inhibited alfalfa seed germination (158). Legumes 
grown in the presence of both living and herbicide-treated quackgrass resulted in reduced 
root and shoot growth, nodulation and subsequent nitrogen fixation (175). Legumes 
grown in the presence of quackgrass displayed chlorotic leaves and neucrotic roots. 
Quackgrass or its associated microbes released allelochemicals that inhibited the legume 
Rhizobium symbiosis and interfered with subsequent nodulation and nitrogen fixation. 
Aqueous extracts of quackgrass shoots and rhizomes inhibited seed germination and root 
growth of alfalfa (176). Quackgrass may indirectly inhibit the legume-Rhizobium 
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symbiosis, by affecting nodulation and nitrogen fixation by inhibiting root hair formation 
rather than inhibiting Rhizobium growth. 
Quackgrass reproduces vegetatively and by seed. Vegetative propagation of quackgrass 
occurs through the growth of a vigorous rhizome system. Quackgrass rhizomes can extend 
60 cm or more from the main plant before surfacing to initiate a new shoot (17). Due to its 
vigorous rhizome system, quackgrass can withstand treatments that control many other 
weeds. 
Cultural practices developed for quackgrass control concentrate on the depletion of 
rhizome carbohydrate reserves and the inhibition of rhizome bud growth. Carbohydrate 
reserves of quackgrass can be depleted through regularly fallowing and tilling fields. 
While these methods are successful in reducing rhizome number they interfere with normal 
cropping practices and do not provide acceptable control of the weed (68). 
Successful chemical control of quackgrass requires that the biologically active 
compound is absorbed by the plant and translocated to the underground perennial tissue in 
sufficient concentration to cause death (151). Glyphosate when used as a non-selective 
preplant treatment controls quackgrass in alfalfa. Most effective control of quackgrass has 
been obtained when quackgrass has reached the three- to four-leaf stage (30,78,150). 
Alfalfa planting in the spring may have to be delayed because of the quackgrass growth 
stage requirement when using glyphosate for weed control. 
Until recently there have been no herbicides available for selective postemergence 
quackgrass control in alfalfa. A control program that will provide selective quackgrass 
control in alfalfa without crop injury would be advantageous. A number of postemergence 
grass herbicides have been shown to control quackgrass in established alfalfa and other 
crops. 
Applications of sethoxydim at 1.12 l:g/ha, fluazifop at 0.84 kg/ha and haloxyfop at 
0.56 kg/ha provided 100%, 95% and 100% control of quackgrass, respectively, in 
greenhouse studies within four weeks after application with no regrowth of shoots (69). 
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Quackgrass control with sethoxydim in new stands of birdsfoot trefoil, cicer milkvetch 
(Astragalus cicer (L.) Hook] and red clover ranged between 50% at 0.29 kg/ha to 91% at 
1.1 kg/ha (35). Control was reduced to 20 to 25% in all treatments by the second year due 
to a reinfestation of quackgrass. 
The stage of growth is an important factor in the level of control achieved with these 
herbicides. Sethoxydim and fluazifop applied in the five- to seven-leaf stage of quackgrass 
gave less control than when applied at the one- to two- or three- to four-leaf stage of 
quackgrass growth (35). Delaying the herbicide treatment until the quackgrass was in the 
three- to four-leaf stage of growth provided the best quackgrass control. Sethoxydim 
applied late postemergence to 20 cm tall quackgrass was more effective in preventing 
quackgrass regrowth than earlier applications (92). The herbicidal activity of fluazifop was 
lower on quackgrass plants at the five- to six-leaf stage when compared to the two- to 
three- leaf stage (82). Quackgrass control increased when sethoxydim was applied at the 
three- leaf stage than the six-leaf stage (79). Sethoxydim applied at 0.8 kg/ha gave an 
average of 88% control of two- to three- or four- to five-leaf stage quackgrass, whereas 
applications at the six- to seven-leaf stage of quackgrass controlled quackgrass 27%, 105 
days after treatment (171). Higher rates of fluazifop were needed to control five- to six- 
leaf quackgrass than was needed for control of three- to four-leaf stage quackgrass (44). 
Other quackgrass plant parts in addition to the outlying horizontal rhizome system have 
regrowth potential. The crown is important in the growth of quackgrass, since the rhizome 
growth is renewed from axillary buds at the base of the aerial shoot (174). 
Nearly twice the percent of crowns from untreated plants were capable of shoot 
production at the eight-leaf stage than crowns at the four-leaf stage (153). Although 
sethoxydim and haloxyfop can reduce crown tissue viability at the eight-leaf stage a larger 
percentage of crowns are capable of shoot production at the later stages of growth. 
Reduced translocation of sethoxydim in crown tissue from upper and lower leaves of 
eight-leaf stage quackgrass and reduced translocation of haloxyfop in crown tissue from 
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lower leaves at the eight-leaf stage may account for the reduced control at the later stages of 
development (153). Translocation of herbicides to rhizome tissue was not affected by 
growth stage. Reduced control of quackgrass with postemergence grass herbicides at the 
later growth stages is most likely due to regrowth from buds within the crown tissue as 
well as rhizome tissue. 
Split applications using the same amount of herbicide may be more effective than a 
single application for some difficult to control perennials. Quackgrass control evaluations 
indicated that sequential applications of sethoxydim and fluazifop split during the growing 
season were superior to single applications (35). The first treatment reduced early season 
weed competition and the second application enhanced establishment by controlling later 
emerging quackgrass shoots from quackgrass regrowth. Sequential applications of 
fluazifop provided greater quackgrass control than individual treatments at the five- to six- 
leaf stage (44). Split applications of sethoxydim increased quackgrass control (79). 
Increased control using split applications of fluazifop, sethoxydim and haloxyfop was due 
to greater amounts of herbicide moving into the rhizomes of the perennial grasses resulting 
in significant reductions in regrowth (69). A single high rate of application may elicit a 
toxic response in the plant adversely affecting the translocation of the herbicide. 
Soil moisture during the time of treatment may have an impact on the level of 
quackgrass control with these herbicides. Johnsongrass control with sethoxydim was 
reduced under relatively dry growing conditions at the time of application compared to 
more favorable growing conditions (86). Rainfall had no apparent effect on fluazifop and 
haloxyfop efficacy for johnsongrass control. Moisture stress reduced quackgrass control 
with fluazifop (82). Johnsongrass stage of growth had little effect on control when soil 
moisture was inadequate (4). Increased control, however, was achieved at the early 
growth stages during a wet year. Sethoxydim at 0.14 kg/ha provided 35% johnsongrass 
control when moisture was limiting at the time of application (135). A similar rate of 
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sethoxydim applied when the soil water content was adequate the following season 
provided 96% johnsongrass control. 
Quackgrass control was reduced in a year of moisture stress compared to enhanced 
quackgrass control during two years of favorable moisture conditions (81). The 
development of a thicker less permeable cuticle during moisture stress conditions may 
account for reduced quackgrass control. Increased adjuvant concentration with sethoxydim 
and fluazifop increased quackgrass control during the unfavorable growth year. Plants 
under moisture stress required increased concentration of the adjuvant to effectively alter 
the cuticle for maximum herbicidal control. 
Removal of perennial grasses increased soil moisture creating more favorable conditions 
for legume establishment. Single and split applications of quizalofop, haloxyfop and 
fluazifop applied to a quackgrass sod increased the soil moisture as early as 11 days after 
treatment (159). Quackgrass foliage weight at 43 days following application was 
negatively correlated with available soil moisture. 
Excellent control of quackgrass in alfalfa from both early and late postemergence 
applications of grass herbicide has been reported (8, 9). Quackgrass suppression increased 
alfalfa yields. Acceptable quackgrass control in alfalfa was obtained with sethoxydim, 
haloxyfop and fluazifop (90). Greater control of quackgrass was obtained with haloxyfop 
and fluazifop, however, all herbicides increased the forage quality. 
Soil Activity of Postemergence Grass Herbicides 
Herbicides applied postemergence are not completely intercepted by the plant foliage. 
The amount of herbicide reaching the soil surface during a postemergence application is a 
function of the plant canopy cover. Early season applications of herbicides are made when 
the crop and weed canopy only partly covers the soil surface. Therefore, a large portion of 
the applied herbicide reaches the soil. 
Annual grass weeds continued to emerge after early germinating seedlings have been 
controlled with an early postemergence application of a grass herbicide (13). Under these 
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conditions postemergence herbicides that are also phytotoxic when applied to the soil may 
control weeds that germinate after application and prevent reinfestation. Preventing 
postemergence herbicides from coming into contact with the soil did not reduce 
postemergence control of some grass species (20). 
Several postemergence grass herbicides tested in preplant incorporated and 
preemergence treatments displayed soil activity. Adequate herbicidal activity from soil 
treatments required application rates two to four times higher than required with foliar 
applications (119, 133, 139, 141). 
Fluazifop, haloxyfop and sethoxydim applied to the soil in greenhouse studies did not 
control forage sorghum at rates sufficient for postemergence control (20). Haloxyfop and 
fluazifop applied preemergence required an application rate of 0.84 kg/ha for control of 
Japanese millet in seedling alfalfa comparable to a 0.14 kg/ha rate of these same materials 
applied early postemergence (72). Clopropoxydim, sethoxydim, haloxyfop and diclofop 
applied to the soil at postemergence use rates may control germinating grass seedlings and 
reduce the likelihood of a weed infestation following treatment (55). Quizalofop and 
fluazifop applied to the soil controlled emerging grass seedlings at rates much greater than 
required postemergence. Fenoxaprop exhibited slight phytotoxicity when applied to the 
soil. 
Fluazifop, haloxyfop and sethoxydim applied to the soil were phytotoxic to com, forage 
sorghum, foxtail millet (Setaria italica (L.) Beauv), grain sorghum fSorghum bicolor (L.) 
moench], green foxtail, wheat fTriticum aestivum (L.) ’Centurk'] and oats (20). Seeding 
depth affected control of forage sorghum. Maximum control preemergence was observed 
when seeds were planted on the soil surface. Control of forage sorghum was reduced 
when seeds were planted two, four, or six cm deep. Sethoxydim, haloxyfop and fluazifop 
applied to the root zone gave greater control of forage sorghum than when applied to the 
shoot zone which may account for the reduced control when weed seeds were planted at a 
greater depth. 
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Quizalofop, haloxyfop, diclofop, fluazifop, fenoxaprop, clopropoxydim and SC 1084 
displayed differential phytotoxicity when they were soil applied in the field and greenhouse 
(111). The effectiveness of these herbicides may be dependent on the grass species 
present The order of foliar toxicity to giant foxtail from the herbicide tested in one study 
was haloxyfop>fluazifop (138). The order of foliar toxicity to grain sorghum in another 
study was haloxyfop>sethoxydim>fluazifop (1). Initial bamyardgrass seedling growth 
was reduced following soil application of fluazifop, quizalofop, haloxyfop, sethoxydim 
and diclofop at 0.5 kg/ha with lower effectiveness in seedling growth reduction obtained 
with sethoxydim and diclofop (83). Although effective control has been reported from soil 
applications of several postemergence grass herbicides, soil application of sethoxydim was 
relatively less effective (19, 38, 71, 100, 118). 
Soil persistence is an important component of effective weed control with soil applied 
herbicides. Haloxyfop provided excellent preemergence activity five weeks after 
application (63). An average half life of 55 days was reported for haloxyfop in the soil 
(62). Limited activity of soil applied sethoxydim may be attributed to rapid soil metabolism 
(100). The average half life of the parent molecule in the soil varied from two to thirteen 
days depending on soil conditions. The half life of fluazifop and its major metabolite is 
three to twelve weeks in most soils (154). The soil residual activity of fluazifop and 
haloxyfop increased with increasing rates (138). Herbicide persistence and activity of 
fluazifop were dependent on herbicide rate (83). 
Differences in persistence in herbicidal activity may be a result of differences in initial 
phytotoxicity, persistence of herbicide or both (83). The variation in reports on 
phytotoxicity may be influenced by species, soil and environmental factors (55) 
Tank Mixing of Postemergence Broadleaf and Grass Herbicides 
Postemergence grass herbicides are only effective on :he grassy weed population. 
Therefore, it is often necessary to apply another herbicide for broadleaf weed control. 
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Broadspectrum weed control can be achieved when the appropriate broadleaf herbicide is 
tank-mixed with one of the postemergence grass herbicides (100,133). 
Combinations of two or more herbicides are frequently used to broaden the spectrum of 
weed species controlled, reduce costs, reduce herbicide residues in the environment and 
extend the period of weed control (67). In the past tank mixing of two or more herbicides 
has been a common practice, however, reduced efficacy of a variety of herbicides has 
occurred when they are applied in combination with other herbicides (43,113,114,145, 
182). 
Some tank mix combinations may produce crop injury or result in antagonism with a 
decrease in grass control. Broadleaf signalgrass, fall panicum and large crabgrass were not 
as effectively controlled by tank mixes of bentazon (3-isopropyl - 1H- 2,1,3, benzo- 
thiadiazin- 4(3H)- one 2,2-dioxide) and sethoxydim compared to applications of 
sethoxydim alone (136). Tank mix antagonism was overcome by increasing the rate of 
sethoxydim but the rate of sethoxydim required to achieve control varied with the grass 
species, the stage of growth, and the environmental conditions which resulted in varying 
the rate of antagonism (67, 136). Bamyardgrass injury was reduced only at the lowest 
rate of sethoxydim tank-mixed with bentazon (25). Increased rates of sethoxydim in tank 
mixes did not affect control. 
Sequential applications of sethoxydim and bentazon eliminated antagonism (136). 
Variations in time between and order of sequential applications had no consistent effect on 
efficacy. Combinations of sethoxydim and bentazon reduced large crabgrass control but 
the antagonism was reduced when the materials were separately applied (67). The 
antagonistic effect of bentazon was attributed to a suppression of sethoxydim through the 
leaf cuticle (137). Nearly twice as much sethoxydim remained outside the treated leaf when 
bentazon was included in the treatment emulsion. Although translocation of sethoxydim 
occurred in goosegrass whether or not bentazon was included in the treatment, penetration 
of sethoxydim was drastically reduced when it was applied with bentazon. 
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Perennial weed control has also been reduced with tank mixes of broadleaf and 
postemergence grass herbicides in johnsongrass (177) and in quackgrass (178). 
Translocation of low rates of haloxyfop from the treated area to the lower leaves of 
quackgrass was reduced when acifluorfen (5-(2-chloro-4-(trifluoromethyl) phenoxy) -2- 
nitrobenzoic acid) or bentazon was added to the tank mix. Translocation was not reduced 
when haloxyfop rates were increased. Inhibition of foliar absorption of quizalofop in 
quackgrass in combination with bentazon and aciflurofen were also found. 
The most commonly used broadleaf herbicide for annual weed control in alfalfa is 2,4- 
DB (4-(2,4-dichloro-phenoxy) butyric acid). Postemergence application of 2,4-DB with 
tank mixtures of sethoxydim has shown good crop safety, minimal grass antagonism and 
excellent efficacy (144). Broadspectrum weed control of crabgrass and broadleaf weeds 
was obtained with sethoxydim, fluazifop, fenoxaprop and haloxyfop in seedling alfalfa 
when combined in a tank mixture with 2,4-DB (73). All treatments significantly increased 
dry matter yields of alfalfa compared to the control. Alfalfa yields were reduced when 2,4- 
DB was tank-mixed with fenoxaprop than when this herbicide was applied alone. In 
another study, grass control decreased when fluazifop and sethoxydim were tank-mixed 
with 2,4-DB (48). Another study indicated postemergence grass herbicides could be tank- 
mixed with 2,4-DB for broadspectrum weed control in newly seeded alfalfa (7). Although 
alfalfa yields were slightly lower for some tank mix combinations, the difference was not 
significant All treatment combinations provided excellent annual grass control and 
exhibited no antagonistic effect in controlling annual grasses or broadleaf weeds. 
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CHAPTER II 
EARLY AND LATE POSTEMERGENCE APPLICATIONS OF GRASS HERBICIDES 
FOR ANNUAL GRASS CONTROL IN SEEDLING ALFALFA 
Abstract 
Conventional seedings of alfalfa fMedicago sativa (L.)] were treated with a sethoxydim 
(2-[l-(ethoxyimino) butyl]-5-[2-(ethylthio) propyl]-3-hydroxy-2-cyclohexen-1-one), 
fluazifop (2-[4-[ [5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] propanoic acid), 
haloxyfop (2- [4-[ [3-chloro -5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] propanoic 
acid), SC 1084 (chemistry unknown), fenoxaprop (2-[4-[ (6-chloro-2-benzoxazoly) oxy] 
phenoxy] propanoic acid), and quizalofop (2-[4-[ [6-chloro-2-[4-[ (6-chloro-2- 
quinoxalinyl) oxy] phenoxy] propanoic acid), in the spring of 1984 and 1985 for the 
control of annual grass weeds (large crabgrass IDigitaria sanguinalis (L.) Scop], fall 
panicum rPanicum dichotomiflorum (L.)], yellow foxtail ISetaria lutCSCCns (Weigel) F. T. 
Hubb.] and bamyardgrass rEchinochloa crus-galli (L.)]). Early and late postemergence 
applications of all herbicides effectively controlled annual grass weeds. Herbicide 
treatments reduced average first harvest annual grass weed yields 99 and 97% compared to 
the annual grass weed yields of the untreated check in 1984 and 1985, respectively. 
Herbicide treatments increased average first harvest alfalfa yields 95 and 69% and 
increased average second harvest alfalfa yields 29 and 11% compared to the alfalfa yields 
of the untreated check in 1984 and 1985, respectively. Control of annual grass weeds 
prior to the first harvest was essential since annual grass weeds comprised more than 60% 
of the total first harvest forage yields of the untreated check during both years. Annual 
grass weeds comprised only 20 and 7% of the total second harvest forage yields of the 
untreated check in 1984 and 1985, respectively. Although both the early and late 
postemergence treatments resulted in similar annual grass control, average alfalfa yields, 
particularly at the first harvest were lower for the late postemergence treatments. All 
herbicide treatments increased the forage quality compared to the untreated check as 
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measured by the acid detergent fiber (ADF) and crude protein (CP) content. Herbicide 
treatments reduced the average ADF content of the total first harvest forage by 9% in 1984 
but had little effect on the ADF content of the forage in 1985. The average CP content of 
the total first harvest forage was increased by 48 and 32% in 1984 and 1985, respectively. 
The higher ADF and lower CP content of the first harvest forage in the untreated check was 
primarily due to the lower forage quality of the annual grass weeds. Herbicide treatments 
did not affect the quality of the second harvest forage. The neutral detergent fiber content 
(NDF) of the first harvest annual grass weeds in the untreated check were 38 and 21% 
greater than alfalfa in the untreated check in 1984 and 1985, respectively. The average 
NDF content of the first harvest forage of the untreated check was approximately 59% 
which would have a negative effect on forage consumption. 
Introduction 
Annual weed control for conventional seedings of alfalfa has been obtained with 
preplant incorporated materials such as EPTC (S-ethyl dipropylcarbamothioate) and 
benefin (N-butyl-N-ethyl-a,a,a-trifluoro-2,6-dinitro-p-toluidine) (7, 14, 19). A high 
proportion of the available farmland in the Northeast is hilly or rocky and poses great 
difficulty for establishment of forages by conventional methods. Control of annual grass 
weeds has also been a problem with the no-tillage method of establishment due to the lack 
of residual activity of the commonly used sod suppressants that require the presence of 
foliage for activity (6, 13,17, 18, 21). The development and use of postemergence grass 
herbicides for alfalfa that does not require incorporation for activation would greatly 
increase the success of alfalfa establishment over a wide range of land sites. 
Postemergence treatments for annual grass control can be applied to annual grasses at 
any growth stage throughout the growing season. Reduction in grass control may occur 
when postemergence grass herbicides are applied too early since the majority of grasses 
may not have emerged. Postemergence grass herbicides can control various grasses as 
they mature, however, season long grass competition to the crop may have suppressed 
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yields making some applications impractical. The ability to control weedy grasses at a 
wide range of growth stages gives growers ample flexibility in the timing of treatments 
allowing time to analyze the problem and to determine whether control measures are 
necessary. 
Degree of control has been shown to be dependent on the particular herbicide, weed 
species and stage of growth (3, 5, 8). Greater weed control was achieved from 
postemergence grass herbicides at lower rates of application when applied early 
postemergence. Increased application rates were required to provide acceptable weed 
control at the later stage of growth. 
A number of studies have shown excellent results with postemergence grass herbicides 
in conventional and no-till alfalfa seedings (9, 10,11, 12, 26, 27). Excellent control of 
large crabgrass was obtained in alfalfa seedings with postemergence grass herbicides 
whether these materials were applied either early or late postemergence resulting in 
significant increases in alfalfa yields (9,10). Early grass control was essential in obtaining 
the maximum increase in alfalfa yields. Although late postemergence provided equally 
effective crabgrass control the greatest seasonal total yields of alfalfa were obtained from 
early postemergence treatments. 
The objectives of the research reported here were to (a) evaluate the effectiveness of 
early and late postemergence applications of six postemergence grass herbicides, and to (b) 
evaluate the effects of these treatments on the forage composition, yield and quality of the 
forage during the establishment year. 
Materials and Methods 
Field experiments were conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa 'Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 7, 1984 and on May 2,1985. 
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Sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop were applied 
at 0.14 and 0.28 kg/ha with a CC>2-pressurized backpack sprayer in 375 L/ha at 152 kPa, 
using SS8004 flat-fan nozzles. Early postemergence treatments in 1984 were applied on 
June 8 when alfalfa was at the 3- to 4-trifoliate leaf stage. Annual grass weeds (yellow 
foxtail, large crabgrass and bamyardgrass) were at the 2- to 5-leaf stage. Late 
postemergence treatments in 1984 were applied on June 20 when the alfalfa was at the 8- to 
9-trifoliate leaf stage. Annual grass weeds were at the 5- to 6-leaf stage and tillering. Early 
postemergence treatments in 1985 were applied on June 4 when alfalfa was at the 8- to 9- 
trifoliate leaf stage. Annual grass weeds (large crabgrass and fall panicum) were at the 2- 
to 3-leaf stage and tillering. Late postemergence treatments in 1985 were applied on 
June 17 when the alfalfa was at the 9- to 15-trifoliate leaf stage. Annual grass weeds were 
at the 2- to 5-leaf stage and tillering. Broadleaf weeds in the experimental areas [common 
lambsquarters (Chenopodium album L.), redroot pigweed (Amaranthus retroflexus L.) and 
common ragweed (Ambrosia artemisiifolia L.) were controlled with a blanket application of 
2,4-DB (4-(2,4-dichlorophenoxy)butyric acid) at 1.12 kg ai/ha on June 15, 1984 and 
May 31,1985. A crop oil concentrate was added to all herbicide treatments at the rate of 
1% (v/v) of the total spray solution. 
Treatments were arranged in a randomized complete block with four replications. Plot 
size was 1.5- by 6.0-m. Annual grass control was rated on a scale from 0 to 100 where 
0 = no control and 100 = complete control. Ratings were made prior to the first harvest on 
July 3, 11, and 20 in 1984 and on July 11 in 1985. Alfalfa was harvested on July 25 and 
September 19, 1984 and on July 17 and September 4, 1985. Dry matter yields were 
determined by harvesting a 1-m swath through the center of each plot Border effects were 
eliminated prior to harvest by trimming a strip from each end of the sampling area. Green 
weights of all harvested herbage were taken in the field. Subsamples were taken from each 
plot for both dry matter determination and botanical separation prior to disturbing the cut 
36 
sample. Yields were reported on a 100% dry matter basis. Botanical separations of the 
fresh material into alfalfa and annual grass weeds were performed by hand and the 
components were separately dried and weighed. No attempt was made to separate annual 
grass weeds by species. 
Data were subjected to analysis of variance (Tables 2.13-2.30). All data except the 
forage quality analysis of the annual grass samples were analyzed as a randomized 
complete block factorial with treatment effects assigned to herbicides, rates and time of 
application. A single degree of freedom comparison was used to analyze the effects of the 
untreated check versus herbicide treatments. Regression analysis for the rate response and 
Duncan's multiple range test (P<0.05) for the herbicide and time of application responses 
were used to discuss means where appropriate. 
Botanical separation samples were saved for forage quality analysis. The alfalfa and 
grass components were separately analyzed for analytical moisture, acid detergent fiber, 
neutral detergent fiber and total protein. Where separation samples for annual grasses were 
too small to prepare a separate analysis from each replication, samples were pooled. A 
statistical analysis of variance for unequal numbers was conducted for grass samples where 
appropriate. Forage quality was reported on a 100% dry matter basis. Analysis of forage 
samples was determined by the Association of Official Analytical Chemists Methods (2). 
Average forage quality for each analysis was then determined by calculation of the yield 
and quality contribution of both the alfalfa and grass component of each harvest 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (25). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Neutral detergent fiber estimates the plant cell wall content and its 
concentration is inversely related to dry matter intake (23). This assay measures the lignin, 
cellulose and hemicellulose components of the plant. Total protein was determined 
by the Kjeldahl procedure (2). The crude protein content was calculated by multiplying 
total N by 6.25. 
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Results 
1984 Experiment 
Annual Grass Weed Control 
Sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop applied both 
early and late postemergence effectively controlled bamyardgrass, yellow foxtail and large 
crabgrass in the new alfalfa seeding (Tables 2.1-2.2). Sethoxydim, fluazifop, haloxyfop, 
fenoxaprop and quizalofop treatments resulted in similar annual grass control by July 3 [25 
and 13 days after the early (DAEP) and late (DALP) postemergence treatments, 
respectively]. The SC 1084 treatments resulted in lower annual grass control than the 
quizalofop treatments at that time. The late postemergence treatments resulted in lower 
annual grass control than the early postemergence treatments by July 3 due to the 12 day 
delay between the early and late postemergence treatments. 
The SC 1084 treatments resulted in lower annual grass control than the other herbicide 
treatments by July 11 [33 (DAEP) and 21 (DALP)] and July 20 [42 (DAEP) and 
30 (DALP)]. Annual grass control was similar among the other herbicide treatments. 
Early and late postemergence treatments resulted in similar annual grass control by July 20. 
In general, annual grass control increased as herbicide rate increased. The interaction 
between herbicide and rate indicated that annual grass control increased as the rate of SC 
1084 increased. All other herbicide treatments were equally effective both early and late 
postemergence at both rates of application. The SC 1084 treatments applied at 0.28 kg/ha 
resulted in similar annual grass control as the other herbicide treatments. The interaction 
between herbicide, rate and time of application indicated that SC 1084 applied early 
postemergence at 0.14 kg/ha resulted in lower annual grass control than when applied late 
postemergence at that rate due to greater recovery of the treated annual grass weeds and 
growth of later germinating annual grass weeds after application. 
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Table 2.1 Weed control ratings and botanical composition following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1984 (Treatments). 
Weed control 
Botanical composition 
Harvest 1 Harvest 2 
Herbicide Rate Tune 7/3 7/11 7/20 Alfalfa Grass Alfalfa Grass 
Sethoxydim 
(kg/ha) 
0.14 EP 96 
(%) 
91 " 98 * 2 s 
Sethoxydim 0.28 EP 98 99 99 88 1 99 1 
Sethoxydim 0.14 LP 83 91 95 91 1 98 2 
Sethoxydim 0.28 LP 80 89 96 90 0 98 2 
Fluazifop 0.14 EP 99 99 98 98 0 99 1 
Fluazifop 0.28 EP 99 99 99 96 0 100 0 
Fluazifop 0.14 LP 65 86 94 96 1 99 1 
Fluazifop 0.28 LP 78 94 98 94 1 99 1 
Haloxyfop 0.14 EP 100 100 100 99 0 99 1 
Haloxyfop 0.28 EP 99 100 100 96 0 97 3 
Haloxyfop 0.14 LP 78 94 95 91 0 100 0 
Haloxyfop 0.28 LP 80 96 99 95 0 100 0 
Fenoxaprop 0.14 EP 96 96 98 96 0 100 0 
Fenoxaprop 0.28 EP 98 98 99 99 0 99 1 
Fenoxaprop 0.14 LP 73 93 98 98 1 99 1 
Fenoxaprop 0.28 LP 73 98 99 90 0 96 2 
SC 1084 0.14 EP 85 78 73 85 10 96 4 
SC 1084 0.28 EP 98 98 98 97 0 95 4 
SC 1084 0.14 LP 78 83 90 89 6 97 3 
SC 1084 0.28 LP 75 93 94 96 0 99 1 
Quizalofop 0.14 EP 99 99 100 98 0 98 2 
Quizalofop 0.28 EP 100 100 100 99 0 98 2 
Quizalofop 0.14 LP 81 95 100 98 0 98 2 
Quizalofop 0.28 LP 80 99 100 99 0 99 1 
Control 0* * 0** 0** 35** 64** 80** 20** 
Control mean value vs herbicide mean value 
** = highly significant (P<0.01) 
39 
Table 2.2 Weed control ratings and botanical composition following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, 
fenoxaprop, SC 1084 and quizalofop in 1984 (Main effects and interactions). 
Weed control 
Botanical composition 
Harvest 1 Harvest 2 
7/3 7/11 7/20 Alfalfa Grass Alfalfa Grass 
'•yssss'sysssVsyyssss. TZym 
Herbicides 
Sethoxydim 89ab 
Fluazifop 85ab 
Haloxyfop 89ab 
Fenoxaprop 85ab 
SC1084 84b 
Quizalofop 90a 
Times 
Early Postemergence 97a 
Late Postemexgence 77b 
Rates (kg/ha) 
0.14 86 
0.28 88 
NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 89 
Sethoxydim 0.28 89 
NS 
Fluazifop 0.14 82 
Fluazifop 0.28 88 
NS 
Haloxyfop 0.14 89 
Haloxyfop 0.28 89 
NS 
Fenoxaprop 0.14 84 
Fenoxaprop 0.28 85 
NS 
SC1084 0.14 81 
SC1084 0.28 86 
NS 
Quizalofop 0.14 90 
Quizalofop 0.28 90 
94a 97a 90b 
94a 97a 96 ab 
98a 98a 95 ab 
96a 98a 96 ab 
88b 88b 92b 
98a 100a 98a 
97a 97 95 
92b 96 94 
NS NS 
93 96 94 
97 98 95 
** ♦* NS 
95 97 91 
94 98 89 
NS NS NS 
93 96 97 
96 98 95 
NS NS NS 
97 98 95 
98 99 95 
NS NS NS 
94 98 97 
98 99 94 
NS NS NS 
80 81 87 
95 96 96 
** ** * 
lb 98 2 
0b 99 1 
0b 99 1 
0b 98 1 
4a 97 3 
0b 98 2 
NS NS 
1 98 2 
1 99 1 
NS NS NS 
2 98 2 
0 98 1 
** NS NS 
1 98 2 
0 99 1 
NS NS NS 
1 99 1 
0 100 0 
NS NS NS 
0 99 1 
0 99 1 
NS NS NS 
0 99 1 
0 97 2 
NS NS NS 
8 96 3 
0 97 3 
** NS NS 
0 98 2 
NS 
97 
99 
NS 
100 
100 
NS 
98 
99 
NS 
0 
NS 
99 
NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
1 
NS 
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Botanical Composition 
The botanical composition of the untreated check at the first harvest was 35% alfalfa and 
64% annual grass weeds with less than 1% of the total forage yields consisting of 
broadleaf weeds (Tables 2.1-2.2). The average botanical composition of the herbicide 
treatments was 94% alfalfa and 1% annual grass weeds with less than 5% of the total 
forage yields consisting of broadleaf weeds. 
Forage from the SC 1084 treatments had the greatest annual grass component compared 
to the other herbicide treatments. The annual grass component of the forage from the 
SC 1084 treatments decreased as herbicide rate increased. The alfalfa component of the 
forage from the quizalofop treatments was greater than the sethoxydim and SC 1084 
treatments. The lower alfalfa component of the forage from the SC 1084 and sethoxydim 
treatments at the first harvest was due to the greater annual grass weed component for the 
SC 1084 treatments and a greater broadleaf weed component for the sethoxydim 
treatments. 
The botanical composition of the untreated check at the second harvest was 80% alfalfa 
and 20% annual grass weeds. The average botanical composition of the herbicide 
treatments at the second harvest was 98% alfalfa and 2% annual grass weeds. The 
botanical composition of the forage was similar among herbicides, rates and times of 
application at the second harvest. 
Forage Yields 
Sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop applied both 
early and late postemergence at 0.14 and 0.28 kg/ha reduced first harvest annual grass 
yields. Herbicide treatments reduced average annual grass yields (34 kg/ha) by 99% 
compared to the annual grass yields of the untreated check (3481 kg/ha) (Tables 2.3-2 A). 
All herbicide treatments resulted in excellent annual grass control. Herbicide treatment 
and rate of application affected first harvest annual grass yields. SC 1084 treatments 
resulted in greater annual grass yields than the other herbicide treatments. Herbicide 
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Table 2.3 Dry matter yields of annual grasses and alfalfa following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1984 (Treatments). 
Herbicide Rate Time 
Annual grasses Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Sethoxydim 
(kg/ha) 
0.14 EP 
(kg/ha) 
110 <lioi s 
Sethoxydim 0.28 EP 30 30 60 3670 3110 6780 
Sethoxydim 0.14 LP 50 70 120 3920 3020 6940 
Sethoxydim 0.28 LP 10 40 50 3490 2930 6420 
Fluazifop 0.14 EP 10 30 40 3820 3040 6870 
Fluazifop 0.28 EP 0 10 10 3930 3130 7060 
Fluazifop 0.14 LP 30 30 60 3410 3010 6420 
Fluazifop 0.28 LP 20 20 30 3380 2940 6320 
Haloxyfop 0.14 EP 0 40 40 4260 2940 7200 
Haloxyfop 0.28 EP 0 90 90 3560 2940 6510 
Haloxyfop 0.14 LP 0 10 10 3190 2840 6030 
Haloxyfop 0.28 LP 0 0 0 3600 2750 6350 
Fenoxaprop 0.14 EP 0 10 10 3950 3200 7150 
Fenoxaprop 0.28 EP 0 40 40 3970 3100 7070 
Fenoxaprop 0.14 LP 20 30 50 3460 3000 6460 
Fenoxaprop 0.28 LP 10 60 70 3290 2980 6270 
SC1084 0.14 EP 380 120 510 3570 2760 6330 
SC 1084 0.28 EP 0 120 120 3380 2880 6250 
SC 1084 0.14 LP 210 90 300 3360 3060 6420 
SC1084 0.28 LP 10 40 50 3730 2990 6720 
Quizalofop 0.14 EP 0 60 60 3870 2960 6840 
Quizalofop 0.28 EP 0 60 60 3570 2880 6450 
Quizalofop 0.14 LP 0 50 50 3790 2980 6770 
Quizalofop 0.28 LP 0 20 20 3610 3330 6940 
Control 3480** 570** 4050** 1870** 2320** 4190** 
Control mean value vs herbicide mean value 
** = highly significant (P<0.01) 
42 
Table 2.4 Dry matter yields of annual grasses and alfalfa following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quiziofop in 1984 (Main effects and interactions). 
Annual grasses Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Herbicides |(kg/ha)||||:||||||;i 
Sethoxydim 30b 50 80b 3670 3010 6680 
Fluazifop 10b 20 30b 3640 3030 6660 
Haloxyfop 0b 30 30b 3650 2870 6520 
Fenoxaprop 10b 40 40b 3670 3070 6740 
SC1084 150a 90 240a 3510 2920 6430 
Quizalofop 0b 50 50b 3710 3040 6750 
NS NS NS NS 
Times 
Early Postemergence 40 60 100 3760a 2990 6760a 
Late Postemergence 30 40 70 3520b 2980 6500b 
NS NS NS NS 
Rates (kg/ha) 
0.14 60 50 no 3680 2980 6670 
0.28 10 40 50 3600 3000 6600 
* NS * NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 40 70 120 3760 3010 6760 
Sethoxydim 0.28 20 30 50 3580 3020 6600 
NS NS NS NS NS NS 
Fluazifop 0.14 20 30 50 3610 3030 6640 
Fluazifop 0.28 10 10 20 3660 3030 6690 
NS NS NS NS NS NS 
Haloxyfop 0.14 0 20 20 3730 2890 6620 
Haloxyfop 0.28 0 40 40 3580 2850 6430 
NS NS NS NS NS NS 
Fenoxaprop 0.14 10 20 30 3710 3100 6800 
Fenoxaprop 0.28 0 50 50 3630 3040 6670 
NS NS NS NS NS NS 
SC1084 0.14 300 110 400 3470 2910 6380 
SC1084 0.28 10 80 90 3550 2930 6480 
** NS ** NS NS NS 
Quizalofop 0.14 0 60 60 3830 2970 6800 
Quizalofop 0.28 0 40 40 3590 3100 6690 
NS NS NS NS NS NS 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
the 5% 
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treatments effectively reduced annual grass yields when applied at the 0.14 and 0.28 kg/ha 
rates. Average annual grass yields were lower for the 0.28 kg/ha rate. The interaction 
between herbicide and rate indicated that the SC 1084 treatments applied at 0.14 kg/ha 
resulted in greater annual grass yields than when applied at the 0.28 kg/ha rate. 
Sethoxydim, fluazifop, haloxyfop, fenoxaprop and quizalofop treatments were equally 
effective at both rates. Annual grass yields were similar between the 0.28 kg/ha rate of SC 
1084 and the other herbicide treatments. Annual grass yields were similar between both 
the early and late postemergence herbicide applications. 
Herbicide treatments increased first harvest alfalfa yields. Herbicide treatments 
increased average alfalfa yields (3641 kg/ha) by 95% compared to the alfalfa yield of the 
untreated check (1873 kg/ha). Alfalfa yields were similar among herbicide treatments. 
Although both the early and late postemergence herbicide treatments resulted in similar 
annual grass control, alfalfa yields were lower for the late postemergence treatments. 
Average alfalfa yields for the late postemergence treatments were reduced 7% compared to 
the alfalfa yields for the early postemergence treatments. Alfalfa yields were similar among 
treatments at the 0.14 and 0.28 kg/ha rate. 
Annual grass regrowth by the time of the second harvest represented less than 15% of 
the total seasonal annual grass yield. Grass yields were similar among herbicides, rates 
and the times of application. Herbicide treatments reduced average annual grass yields 
(47 kg/ha) by 92% compared to the annual grass yields of the untreated check (574 kg/ha). 
Herbicide treatments increased average second harvest alfalfa yields (2989 kg/ha) by 
29% compared to the alfalfa yield of the untreated check (2322 kg/ha). Alfalfa yields 
were similar among herbicides, rates and the times of application. Although no difference 
in alfalfa yield occurred between the early and late postemergence applications, some 
variation in alfalfa yield was noted among the herbicide treatments. 
All herbicide treatments resulted in excellent annual grass control throughout the season 
as evidenced by the total annual grass yields from the two harvests. SC 1084 treatments 
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applied at 0.14 kg/ha resulted in greater annual grass yields than the other herbicide 
treatments. Herbicide application time was a critical factor in the increased alfalfa yields 
particularly at the time of the first harvest when more than 85% of the seasonal annual 
grass growth occurred. Alfalfa yields appeared to be most affected by the delay in 
herbicide application for the fenoxaprop treatments. Both early and late postemergence 
applications of all herbicides increased alfalfa yields. The total alfalfa yields were reduced 
by 4% when herbicide application was delayed. The interaction between herbicide and the 
time of application indicated that average total alfalfa yields were greater for the fenoxaprop 
treatments compared to the SC 1084 treatments when applied early postemergence. Total 
alfalfa yields were similar among herbicides when applied late postemergence. 
Forage Quality 
First Harvest 
Herbicide treatments reduced the average acid detergent fiber (ADF) content of alfalfa 
(alfalfa component) (35.7%) more than 6% compared to the ADF content of alfalfa in the 
untreated check (38.2%) (Table 2.5). The crude protein (CP) content of alfalfa in the 
untreated check (18.9%) was lower than the average CP content of alfalfa from the 
herbicide treatments (19.8%). The higher ADF and lower CP content of alfalfa in the 
untreated check may be due to greater alfalfa leaf loss when growing in competition with 
the annual grass weeds. The ADF and CP content of alfalfa was similar among herbicides, 
rates and the times of application. 
The average ADF content of the annual grass weeds remaining in the sethoxydim, 
fluazifop, SC 1084 and fenoxaprop treatments (29.7%) was reduced more than 24% 
compared to the ADF content of the annual grass weeds in the untreated check (38.9%) 
(Table 2.6). The ADF content of the annual grass weeds was similar between the fluazifop 
and the SC 1084 treatments and decreased in order of the sethoxydim and the fluazifop 
treatments respectively. The average CP content of the annual grass weeds remaining in 
these herbicide treatments (17.1%) was increased more than 63% compared to the CP 
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Table 2.5 Forage quality analysis following early and late postemergence applications 
sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop 
in 1984. 
of 
Harvest 1 Harvest 2 
Alfalfa_Forage_Alfalfa_Forage 
Herbicide Rate Time ADF CP ADF CP ADF CP ADF CP 
(kg/ha) wmmmi 
Sethoxydim 0.14 EP 37.6 i93 36.9 193 38.0 20.6 38.0 20.4 
Sethoxydim 0.28 EP 36.2 18.9 36.1 18.9 353 21.0 35.5 21.0 
Sethoxydim 0.14 LP 35.7 19.0 35.6 19.0 38.1 20.9 38.0 20.7 
Sethoxydim 0.28 LP 36.0 19.1 36.0 19.1 37.7 21.1 37.6 21.0 
Fluazifop 0.14 EP 34.8 193 34.7 193 37.8 21.2 37.8 21.1 
Fluazifop 0.28 EP 35.4 203 35.4 203 373 21.1 37.3 21.1 
Fluazifop 0.14 LP 34.9 19.7 34.8 19.7 38.6 21.6 38.6 21.5 
Fluazifop 0.28 LP 34.9 20.1 34.8 20.1 373 21.2 37.5 21.2 
Haloxyfop 0.14 EP 363 19.4 363 19.4 37.7 21.4 37.7 213 
Haloxyfop 0.28 EP 35.8 19.9 35.8 19.9 36.9 213 36.9 21.1 
Haloxyfop 0.14 LP 36.0 19.9 36.0 19.9 36.7 213 36.7 213 
Haloxyfop 0.28 LP 353 20.0 353 20.0 35.8 213 35.8 213 
Fenoxaprop 0.14 EP 35.7 19.1 35.7 19.1 37.0 20.4 37.1 20.4 
Fenoxaprop 0.28 EP 353 21.0 353 21.0 38.4 21.0 38.4 20.9 
Fenoxaprop 0.14 LP 34.9 20.6 34.9 20.6 383 22.0 38.2 21.9 
Fenoxaprop 0.28 LP 34.6 19.6 34.6 19.6 393 20.9 39.3 20.7 
SC 1084 0.14 EP 37.1 19.8 36.7 193 363 21.6 36.2 213 
SC 1084 0.28 EP 35.6 20.1 35.6 20.1 363 21.1 36.4 20.9 
SC 1084 0.14 LP 36.7 20.8 363 20.4 36.4 213 36.3 213 
SC 1084 0.28 LP 353 193 353 193 37.7 213 37.6 21.2 
Quizalofop 0.14 EP 35.0 19.6 35.0 19.6 37.1 20.2 37.1 20.0 
Quizalofop 0.28 EP 343 193 343 193 36.8 21.8 36.8 21.6 
Quizalofop 0.14 LP 383 19.7 383 19.7 38.0 21.2 38.0 21.1 
Quizalofop 0.28 LP 34.8 20.1 34.8 20.1 37.6 20.7 37.5 20.6 
Control 38.2* 18.9NS 38.8** 133** 36.5NS 22.9** 36.8NS 2 l.ONS 
Herbicides 
Sethoxydim 36.2 19.1 363 19.1 373 20.9 37.3 20.8 
Fluazifop 35.0 19.9 35.0 19.9 37.8 213 37.8 212 
Haloxyfop 35.8 19.8 35.8 19.8 36.8 21.4 36.8 213 
Fenoxaprop 35.2 20.1 353 20.1 383 21.0 38.2 20.9 
SCI 084 36.2 20.0 36.1 19.8 36.7 21.4 36.6 21.2 
Quizalofop 35.6 19.7 35.6 19.7 37.4 21.0 37.3 20.8 
NS NS NS NS NS NS NS NS 
Times 
Early Postemergence 35.7 19.7 35.7 19.7 37.1 21.1 37.1 20.9 
Late Postemergence 35.6 19.8 35.6 19.8 37.6 213 37.6 21.2 
NS NS NS NS NS NS NS NS 
Rates (kg/ha) 
0.14 36.0 19.7 35.9 19.6 373 21.2 37.5 21.0 
0.28 353 19.8 353 19.8 373 21.2 37.2 21.0 
NS NS NS NS NS NS NS NS 
Control mean value vs herbicide mean value 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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content of the annual grass weeds in the untreated check (10.5%). The CP content of the 
annual grass weeds was similar between the fluazifop and the fenoxaprop treatments and 
decreased in order of the sethoxydim and the SC 1084 treatments respectively. 
The ADF content of the annual grass weeds and alfalfa in the untreated check was 
similar (Tables 2.5-2.6). The ADF content for the total forage (alfalfa and annual grass 
weeds) in the untreated check (38.8%) was nearly 9% greater than the average ADF 
content of the total forage from the herbicide treatments (35.6%) as a result of the greater 
ADF content of both alfalfa and the annual grass weeds in the untreated check. The CP 
content of the annual grass weeds in the untreated check was nearly 50% lower than the 
average CP content of alfalfa from the herbicide treatments. Herbicide treatments increased 
the average CP content of the total forage (19.7%) by 48% compared to the CP content of 
the total forage in the untreated check (13.3%) when annual grass weeds were eliminated. 
Although there were slight differences in weed control among the herbicide treatments, the 
ADF and CP content of the total forage was similar among herbicides, rates and times of 
application. This was attributed to both the lower annual grass weed component of the 
herbicide treatments in addition to the higher forage quality of the annual grass weeds 
remaining after treatment. 
Although the ADF content of the annual grass weeds and alfalfa in the untreated check 
were similar, the neutral detergent fiber content (NDF) was significantly different between 
the two species. The NDF content of the annual grass weeds in the untreated check 
(65.1%) was 38% greater than the NDF content of alfalfa in the untreated check (47.1%). 
The average NDF content of the untreated check was 58.8%. 
Second Harvest 
The average ADF content of alfalfa from the herbicide treatments (37.4%) was similar 
to the ADF content of alfalfa from the untreated check (36.5%) (Table 2.5). The ADF 
content of the annual grass weeds was similar among herbicide treatments (Table 2.6). 
Although the average ADF content of the annual grass weeds from the herbicide treatments 
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(35.0%) was more than 7% lower than the ADF content of the annual grass weeds from 
the untreated check (37.8%), the ADF content of the total forage was similar between the 
herbicide treatments (37.3%) and the untreated check (36.8%) (Table 2.5). This was due 
to both the fact that the annual grass weed component of the herbicide treatments comprised 
only 2% of the total second harvest forage yields and the ADF content of the annual grass 
weeds of the untreated check and alfalfa from the herbicide treatments was similar. The 
ADF content of alfalfa and the total forage was similar among herbicides, rates and times 
of application. 
The CP content of alfalfa in the untreated check (22.9%) was 8% greater than the 
average CP content of alfalfa from the herbicide treatments (21.2%) (Table 2.5). The 
higher CP content of alfalfa in the untreated check was attributed to slower regrowth of 
alfalfa after the first harvest This resulted in reducing the stage of maturity for alfalfa by 
the time of the second harvest. 
The CP content of the annual grass weeds in the untreated check (13.9%) was similar to 
the average CP content of the annual grass weeds from the herbicide treatments (13.5%) 
(Table 2.6). Although the CP content of the annual grass weeds in the untreated check was 
nearly 40% lower than the CP content of alfalfa from the untreated check, the average CP 
content of the total forage was similar between the untreated check and the herbicide 
treatments (21.0%) (Table 2.5). The annual grass weeds comprised only 20% of the total 
second harvest forage yields. This is in marked contrast with the first harvest, where 
annual grass weeds comprised 65% of the total first harvest forage yields. The higher CP 
content of alfalfa in the untreated check compensated for the lower CP content of the annual 
grass weeds resulting in forage of similar CP content as the herbicide treatments. Although 
the CP content of the annual grass weeds from the herbicide treatments ranged from 12.8 
to 14.1%, the CP content of the total forage was similar among herbicides, rates and times 
of application. 
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1985 Experiment 
Annual Grass Weed Control 
Herbicide treatment, rate and time of application and interactions between herbicide and 
rate affected the control of large crabgrass and fall panicum in the new alfalfa seeding by 
July 11 (37 and 24 days after the early and late postemergence treatments, respectively). 
Annual grass control exceeded 95% for the fenoxaprop, haloxyfop and quizalofop 
treatments (Tables 2.7-2.8). The fluazifop and sethoxydim treatments resulted in similar 
annual grass control. SC 1084 treatments resulted in lower annual grass control than the 
fluazifop treatments. The fenoxaprop, haloxyfop and quizalofop treatments resulted in 
greater annual grass control than the fluazifop, sethoxydim and SC 1084 treatments. 
In general, the early and late postemergence treatments gave greater than 90% control of 
annual grass weeds at both rates of application. Herbicide treatments were more affective 
when applied early postemergence. In general, annual grass control increased as herbicide 
rate increased. The interaction between herbicide and rate indicated that annual grass 
control increased when the rate of sethoxydim and fluazifop increased. Little, if any, 
increase in annual grass control was obtained with the haloxyfop, fenoxaprop, SC 1084 
and quizalofop treatments at the 0.28 kg/ha rate. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 37% alfalfa and 
62% annual grass weeds with less than 1% of the total first harvest forage yields consisting 
of broadleaf weeds (Tables 2.7-2.8). The average botanical composition of the herbicide 
treatments was 97% alfalfa and 2% annual grass weeds with less than 1% of the forage 
consisting of broadleaf weeds. 
Forage from the SC 1084 and sethoxydim treatments had a greater annual grass 
component than the fluazifop, haloxyfop, fenoxaprop and quizalofop treatments. In 
general, the annual grass component of the forage was lower for the early postemergence 
treatments compared to the late postemergence treatments. The average annual grass 
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Table 2.7 Weed control ratings and botanical composition following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, 
fenoxaprop, SC 1084 and quizalofop in 1985 (Treatments). 
Herbicide Rate Time 
Botanical composition 
Weed control Harvest 1 Harvest 2 
7/11/85 Alfalfa Grass Alfalfa Grass 
(kg/ha) 1 (%) 1 
Sethoxydim 0.14 EP 88 91 9 96 4 
Sethoxydim 0.28 EP 95 100 0 96 3 
Sethoxydim 0.14 LP 85 94 6 97 3 
Sethoxydim 028 LP 90 96 3 100 0 
Fluazifop 0.14 EP 94 99 1 96 3 
Fluazifop 028 EP 95 100 0 99 1 
Fluazifop 0.14 LP 85 95 3 98 2 
Fluazifop 028 LP 90 99 1 99 1 
Haloxyfop 0.14 EP 99 99 0 99 1 
Haloxyfop 028 EP 100 100 0 100 0 
Haloxyfop 0.14 LP 95 99 0 100 0 
Haloxyfop 028 LP 98 94 1 100 0 
Fenoxaprop 0.14 EP 98 99 1 96 3 
Fenoxaprop 028 EP 99 97 1 98 1 
Fenoxaprop 0.14 LP 95 97 2 98 2 
Fenoxaprop 028 LP 94 99 1 99 1 
SC 1084 0.14 EP 89 95 5 99 1 
SC1084 028 EP 91 97 3 96 4 
SC1084 0.14 LP 86 88 12 94 6 
SC 1084 0.28 LP 85 94 6 84 16 
Quizalofop 0.14 EP 99 100 0 96 4 
Quizalofop 0.28 EP 100 98 0 100 0 
Quizalofop 0.14 LP 96 99 1 99 1 
Quizalofop 028 LP 95 99 1 97 1 
Control 0** 37** 62** 93* 7** 
Control mean value vs herbicide mean value 
** = highly significant (P<0.05) 
** = highly significant (P<0.01) 
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Table 2.8 Weed control ratings and botanical composition following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1985 (Main effects and interactions). 
Botanical composition 
Weed control_Harvest 1_Harvest 2 
7/11/85 Alfalfa Grass Alfalfa Grass 
Herbicides (%) 
Sethoxydim 89bc 95bc 4a 97a 3b 
Fluazifop 91b 98ab lb 98a 2b 
Haloxyfop 98a 98ab 0b 100a 0b 
Fenoxaprop 96a 98ab lb 98a 2b 
SC1084 88c 93c 6a 93b 7a 
Quizalofop 98a 99a lb 98a 2b 
Times 
Early Postemergence 95a 98 2b 98 2 
Late Postemergence 91b 96 3a 97 3 
NS NS NS 
Rates (kg/ha) 
7H4- 93 96 3 97 3 
0.28 94 98 1 97 2 
** NS * NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 86 93 7 96 4 
Sethoxydim 0.28 93 98 2 98 2 
** * ** NS NS 
Fluazifop 0.14 89 97 2 97 3 
Fluazifop 0.28 93 99 1 99 1 
* NS NS NS NS 
Haloxyfop 0.14 97 99 0 100 0 
Haloxyfop 0.28 99 97 0 100 0 
NS NS NS NS NS 
Fenoxaprop 0.14 96 98 1 97 3 
Fenoxaprop 0.28 96 98 1 98 1 
NS NS NS NS NS 
SC 1084 0.14 88 91 8 96 4 
SC1084 0.28 88 95 5 90 10 
NS NS NS ** ** 
Quizalofop 0.14 98 99 1 98 2 
Quizalofop 0.28 98 98 1 98 1 
NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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component of the forage was lower when herbicides were applied at 0.28 kg/ha compared 
to the 0.14 kg/ha rate. The alfalfa component of the forage from the SC 1084 treatments 
was similar to the sethoxydim treatments, but lower than the other herbicide treatments. 
The alfalfa component of the forage from the sethoxydim treatments was lower than the 
quizalofop treatments, but similar to the other herbicide treatments. Increasing the rate of 
the sethoxydim treatments decreased the annual grass component and increased the alfalfa 
component of the forage. 
The botanical composition of the untreated check at the second harvest was 92% alfalfa 
and 7% annual grasses. The annual grass component of the forage from the SC 1084 
treatments was greater than the other herbicide treatments. The botanical composition of 
the forage was similar among the other herbicide treatments. The interactions between 
herbicide and rate and herbicide and time of application indicated that the annual grass 
component of the forage from the SC 1084 treatments was greater from applications made 
early postemergence compared to the late postemergence applications. The annual grass 
component of the forage from the SC 1084 treatments was greater at the 0.28 kg/ha rate 
compared to the 0.14 kg/ha rate. The alfalfa component of the forage from the SC 1084 
treatments was lower than the other herbicide treatments. The interaction between 
herbicide and rate indicated that the alfalfa component of the forage decreased as the rate of 
SC 1084 increased. 
Forage Yields 
Sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop applied both 
early and late postemergence at 0.14 and 0.28 kg/ha reduced first harvest annual grass 
yields. Herbicide treatments reduced average annual grass yields (104 kg/ha) by 97% 
compared to the annual grass yields of the untreated check (4084 kg/ha) 
(Tables 2.9-2.10). 
All herbicide treatments resulted in excellent annual grass control. Herbicide treatment 
and the rate of application affected first harvest annual grass yields. In general, the 
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Table 2.10 Dry matter yields of annual grasses and alfalfa following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1985 (Main effects and interactions). 
Annual grasses Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Herbicides •.v.vv.,.w.vX>N\s\\n\ f\r n a \ ' v.v.v 
Sethoxydim 200a 90b 290b 4290a 3370 7650 
Fluazifop 50b 60b 110c 4380a 3430 7800 
Haloxyfop 10b 0b 20c 4220a 3570 7790 
Fenoxaprop 50b 70b 120bc 3990ab 3370 7360 
SC1084 290a 230a 520a 3980ab 3330 7310 
Quizalofop 20b 50b 70c 3790b 3460 7250 
NS NS 
Times 
Early Postemergence 80 80 150 4250a 3540a 7790a 
Late Postemergence 130 90 220 3960b 3300b 7260b 
NS NS NS 
Rates (kg/ha) 
0.14 150 90 240 4210 3430 7640 
0.28 60 80 140 4010 3410 7420 
** NS NS NS NS NS 
Herbicide x Rale (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 340 130 460 4510 3420 7940 
Sethoxydim 028 70 50 110 4060 3310 7370 
** NS NS NS NS NS 
Fluazifop 0.14 80 90 170 4460 3430 7890 
Fluazifop 0.28 30 30 60 4290 3420 7720 
NS NS NS NS NS NS 
Haloxyfop 0.14 10 10 20 4290 3500 7790 
Haloxyfop 0.28 10 0 10 4160 3630 7790 
NS NS NS NS NS NS 
Fenoxaprop 0.14 60 90 150 4010 3280 7300 
Fenoxaprop 0.28 40 50 90 3960 3460 7420 
NS NS NS NS NS NS 
SC 1084 0.14 400 130 530 4250 3530 7780 
SC 1084 0.28 180 330 510 3710 3130 6840 
** ** NS * * * 
Quizalofop 0.14 20 80 100 3730 3420 7150 
Quizalofop 0.28 20 30 40 3850 3510 7360 
NS NS NS NS NS NS 
Means within columns with common letters are not significantly different ai the 5% 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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sethoxydim and SC 1084 treatments resulted in greater annual grass yields than the other 
herbicide treatments. Herbicide treatments effectively reduced annual grass yields at the 
first harvest at both the 0.14 and 0.28 kg/ha rates. Average annual grass yields decreased 
as the herbicide rate increased. Annual grass yields for the sethoxydim and SC 1084 
treatments were more affected by herbicide rate compared to the other herbicide treatments. 
Sethoxydim treatments applied at 0.28 kg/ha resulted in similar annual grass yields as the 
fluazifop, haloxyfop, fenoxaprop and quizalofop treatments at both rates of application. 
The time of application had no affect on the annual grass yields. Early and late 
postemergence treatments resulted in similar annual grass yields. 
Herbicide treatments increased first harvest alfalfa yields. Herbicide treatments 
increased average alfalfa yields (4107 kg/ha) by 69% compared to the alfalfa yield of the 
untreated check (2429 kg/ha). The sethoxydim, fluazifop, haloxyfop, fenoxaprop and SC 
1084 treatments resulted in similar alfalfa yields. The quizalofop treatments resulted in 
lower alfalfa yields than the sethoxydim, fluazifop and haloxyfop treatments. The yield 
decrease for the quizalofop treatments was related to variability in the stand establishment at 
planting and not due to differences in annual grass control. Although both the early and 
late postemergence herbicide treatments resulted in similar annual grass control, average 
first harvest alfalfa yields were lower for the late postemergence treatments. In general, 
alfalfa yields were similar between the 0.14 and 0.28 kg/ha rates of each herbicide although 
a positive increase in alfalfa yield was obtained at the higher rate of application. 
Herbicide treatments reduced average second harvest annual grass yields (85 kg/ha) by 
63% compared to the annual grass yields of the untreated check (230 kg/ha). The 
sethoxydim, fluazifop, haloxyfop, fenoxaprop and quizalofop treatments resulted in similar 
annual grass yields at both rates and times of application. SC 1084 treatments resulted in 
greater annual grass yields than the other herbicide treatments. Interactions between 
herbicide and rate and herbicide and method indicated that SC 1084 treatments when 
applied late postemergence and at the higher rate of application resulted in greater annual 
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grass yields than the other herbicide treatments. Differences in alfalfa establishment may 
have contributed to the higher annual grass yields for the SC 1084 treatments applied at 
0.28 kg/ha. 
Herbicide treatments increased average second harvest alfalfa yields (3420 kg/ha) by 
11% compared to the alfalfa yield of the untreated check (3070 kg/ha). Alfalfa yields were 
similar among herbicides and the rate of application. In general, early postemergence 
treatments resulted in greater alfalfa yields than the late postemergence treatments. The 
interaction between herbicide and the time of application indicated that only the SC 1084 
treatments resulted in lower alfalfa yields when applied late postemergence. The alfalfa 
yield decrease for the SC 1084 treatments occurred at the higher rate of application 
indicating the yield reduction was probably related to variability in stand establishment and 
not due to annual grass control. 
All herbicide treatments resulted in excellent annual grass control throughout the season 
as evidenced by the total seasonal annual grass yields from the two harvests. The SC 1084 
treatments resulted in greater annual grass yields than the other herbicide treatments. The 
sethoxydim and fenoxaprop treatments resulted in similar annual grass yields. The 
sethoxydim treatments resulted in greater total annual grass yields than the fluazifop, 
haloxyfop and quizalofop treatments. Sethoxydim applied at 0.28 kg/ha resulted in similar 
annual grass yields as the fluazifop, haloxyfop and quizalofop treatments. Herbicide 
application time was a critical factor in increasing alfalfa yields. Although weed control 
was effective both early and late postemergence, total seasonal alfalfa yields were reduced 
when the herbicide treatments were delayed. 
Forage Quality 
First Harvest 
Herbicide treatments reduced the average acid detergent fiber (ADF) content of alfalfa 
(alfalfa component) (42.4%) more than 6% compared to the ADF content of alfalfa in the 
untreated check (45.0%) (Table 2.11). The higher ADF content of alfalfa in the untreated 
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Table 2.11 Forage quality analysis following early and late postemergence applications of 
sethoxydim, fluazifop, haloxvfop, fenoxaprop, SC 1084 and quizalofop 
in 1985. 
Harvest 1 Harvest 2 
Alfalfa_Forage_Alfalfa_Forage 
Herbicide Rate Time ADF CP ADF CP ADF CP ADF CP 
(kg/ha) 11 
Sethoxydim 0.14 EP 41.7 19.6 41.1 19.4 38.2 193 38.0 19.4 
Sethoxydim 0.28 EP 43.0 203 43.0 20.1 36.9 19.2 36.9 19.1 
Sethoxydim 0.14 LP 43.5 19.7 43.0 19.6 383 19.8 38.4 19.7 
Sethoxydim 0.28 LP 42.6 19.6 42.4 19.6 38.4 19.2 38.4 193 
Fluazifop 0.14 EP 40.6 20.7 403 20.7 38.1 19.6 38.0 19.6 
Fluazifop 0.28 EP 44.4 19.7 443 19.6 38.8 193 38.8 193 
Fluazifop 0.14 LP 43.0 20.4 42.7 203 37.9 19.8 37.8 19.8 
Fluazifop 0.28 LP 43.4 193 433 193 38.8 193 38.7 19.4 
Haloxyfop 0.14 EP 44.2 20.7 443 20.7 38.8 18.7 38.8 18.7 
Haloxyfop 0.28 EP 453 183 453 183 393 19.1 393 19.1 
Haloxyfop 0.14 LP 423 19.7 42.4 19.7 38.8 18.8 38.8 18.8 
Haloxyfop 0.28 LP 433 203 433 203 38.9 19.4 38.9 19.4 
Fenoxaprop 0.14 EP 423 20.4 423 20.4 39.1 19.0 39.0 18.9 
Fenoxaprop 0.28 EP 413 203 413 203 39.1 193 39.0 193 
Fenoxaprop 0.14 LP 41.7 20.0 41.7 19.9 363 193 363 193 
Fenoxaprop 0.28 LP 40.6 21.6 40.6 213 39.0 19.4 38.9 19.4 
SC1084 0.14 EP 413 19.1 41.0 19.0 39.1 19.2 39.1 19.1 
SC1084 0.28 EP 43.0 20.0 42.8 20.0 38.9 193 38.7 19.4 
SC1084 0.14 LP 44.1 19.6 43.0 193 37.6 19.0 37.4 18.9 
SC1084 0.28 LP 423 22.6 41.9 223 37.2 19.6 37.1 18.9 
Quizalofop 0.14 EP 42.8 20.4 42.8 20.4 37.7 19.6 37.6 19.4 
Quizalofop 0.28 EP 43.7 19.7 43.7 19.7 38.0 193 38.0 193 
Quizalofop 0.14 LP 40.7 21.1 40.7 21.1 37.7 19.2 37.7 193 
Quizalofop 0.28 LP 37.8 21.7 37.7 21.6 37.1 19.1 37.1 19.0 
Control 45.0 193 42.7 15.2 37.7 19.9 373 19.7 
NS NS NS ** NS NS NS NS 
Herbicides 
Sethoxydim 42.7 19.8 42.4 19.7 38.0 19.4 37.9 193 
Fluazifop 42.8 20.0 42.7 19.9 38.4 19.6 383 193 
Haloxyfop 43.8 19.7 43.8 19.7 38.9 19.0 38.9 19.0 
Fenoxaprop 413 20.6 41.4 203 38.4 193 383 193 
SC1084 42.7 20.4 423 203 38.2 193 38.1 19.1 
Quizalofop 413 20.7 413 20.7 37.6 193 37.6 193 
NS NS NS NS NS NS NS NS 
Times 
Early Postemergence 42.8 19.9 42.7 19.9 38.5 193 38.4 193 
Late Postemergence 42.1 203 41.9 20.4 38.0 193 38.0 193 
NS NS NS NS NS NS NS NS 
Rates (kg/ha) 
0.14 42.4 20.1 42.1 20.1 38.2 193 38.1 193 
0.28 423 203 42.4 203 38.4 193 383 193 
NS NS NS NS NS NS NS NS 
Control mean value vs herbicide mean value 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
58 
check may be due to greater leaf loss for alfalfa when growing in competition with the 
annual grass weeds. The CP content of alfalfa in the untreated check (19.3%) was lower 
than the average CP content of alfalfa from the herbicide treatments (20.2%). The ADF 
and CP content of alfalfa was similar among herbicides, rates and times of application. 
The ADF and CP content of alfalfa was affected by interactions between time of 
application and rate. The ADF content of alfalfa increased and the CP content decreased as 
herbicide rate increased when applied early postemergence. In contrast, the ADF content 
of alfalfa decreased and the CP content increased as herbicide rate increased when applied 
late postemergence. The variation in the forage quality may be attributed to differences in 
alfalfa growth. The interaction between herbicide and rate indicated that the ADF content 
of alfalfa decreased and the CP content increased as the rate of SC 1084 increased. This 
may be due to variability in stand establishment or differences in weed control between the 
high and low rate of application. 
The average ADF content of the annual grass weeds remaining in the sethoxydim, 
fluazifop, SC 1084, fenoxaprop and quizalofop treatments (35.0%) was reduced more than 
15% compared to the ADF content of the annual grass weeds in the untreated check 
(41.2%) (Table 2.12). The ADF content of the annual grass weeds was similar between 
the SC 1084 and the sethoxydim treatments but lower than the fenoxaprop treatments. The 
ADF content of the annual grass weeds decreased in order of the quizalofop and the 
fluazifop treatments respectively. The average CP content of the annual grass weeds 
remaining in these herbicide treatments (17.1%) was increased more than 27% compared to 
the CP content of the annual grass weeds in the untreated check (13.5%). The CP content 
of the annual grass weeds from the sethoxydim treatments was similar to the CP content of 
the annual grass weeds from the SC 1084 treatments but lower than the CP content of the 
annual grass weeds from the fluzaifop treatments. The CP content of the annual grass 
weeds decreased in order of the fenoxaprop and the quizalofop treatments respectively. 
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The ADF content of the annual grass weeds in the untreated check (41.3%) was lower 
than the ADF content of alfalfa in the untreated check (45.0%) (Tables 2.11-2.12). This 
was due to the faster growth of alfalfa compared to the annual grass weeds due to the 
cooler growing conditions prior to the first harvest which favored the alfalfa growth. The 
ADF content for the total forage in the untreated check (42.7%) was similar to the average 
ADF content of the total forage from the herbicide treatments (42.3%) as a result of the 
lower ADF content of annual grass weeds in the untreated check which comprised 63% of 
the total first harvest forage yield. The CP content of the annual grass weeds in the 
untreated check (12.7%) was nearly 37% lower than the average CP content of alfalfa 
from the herbicide treatments (20.2%) (Table 2.12). Herbicide treatments increased the 
average CP content of the total forage (20.1%) by 32% compared to the CP content of the 
total forage in the untreated check (15.2%) (Table 2.11). Although there were slight 
differences in weed control among herbicide treatments, the ADF and CP content of the 
total forage was similar among herbicides, rates and times of application. This was 
attributed to both the lower annual grass weed component of the herbicide treatments in 
addition to the higher forage quality of the annual grass weeds remaining after treatment. 
Although the ADF content of the annual grass weeds was lower than the ADF content 
of alfalfa in the untreated check, the neutral detergent fiber content (NDF) was significantly 
different between the two species. The NDF content of the annual grass weeds in the 
untreated check (63.2%) was 21% greater than the NDF content of alfalfa in the untreated 
check (52.1%). The average NDF content of the untreated check was 59.1%. 
Second Harvest 
The ADF content of alfalfa in the untreated check (37.7%) was lower than the average 
ADF content of alfalfa from the herbicide treatments (38.2%) (Table 2.11). The CP 
content of alfalfa in the untreated check (19.9%) was greater than the average CP content of 
alfalfa from the herbicide treatments (19.3%). 
61 
The average ADF content of the annual grass weeds from the herbicide treatments 
(34.3%) was similar to the ADF content of the annual grass weeds from the untreated 
check (34.0%) (Table 2.12). The ADF content of the annual grass weeds was similar 
among the herbicide treatments. The CP content of the annual grass weeds in the untreated 
check (16.7%) was similar to the average CP content of the annual grass weeds from the 
herbicide treatments (16.4%). The CP content of the annual grass weeds was similar 
between the sethoxydim, fluazifop, and SC 1084 treatments but was lower than the 
fenoxaprop treatments. The CP content of the annual grass weeds from the quizalofop 
treatments was similar to the CP content of the annual grass weeds from the SC 1084 and 
sethoxydim treatments but lower than the other herbicide treatments. 
The ADF content of the annual grass weeds in the untreated check (34.0%) was nearly 
10% lower than the average ADF content of alfalfa in the untreated check (37.7%) 
(Tables 2.11-2.12). The ADF content of the total forage of the untreated check (37.5%) 
was similar to the average ADF content of the forage from the herbicide treatments 
(38.2%). The CP content of the annual grass weeds in the untreated check (16.7%) was 
nearly 16% lower than the CP content of alfalfa from the untreated check (19.9%) 
(Table 2.12). The average CP content of the total forage was slightly higher for the 
untreated check (19.7%) compared to the average CP content of the forage from the 
herbicide treatments (19.2%) (Table 2.11). Annual grass weeds in the untreated check had 
less effect on the forage quality since the annual grass weeds only comprised 7% of the 
total second harvest forage yield of the untreated check. This is in marked contrast with the 
first harvest, where annual grass weeds comprised 63% of the total First harvest forage 
yields. The ADF and CP content of the total forage was similar among herbicides, rates 
and times of application. 
62 
Discussion 
Results from this study indicated that annual grass weeds comprised more than 60% of 
the total first harvest forage yields of the untreated check for both years. Therefore, annual 
grass competition must be eliminated prior to the first harvest in order to obtain the greatest 
increase in alfalfa yield during the establishment year. Annual grass competition had much 
less effect on alfalfa yields after the first harvest Other studies have also shown that 
although the first harvest alfalfa yield can be increased when weeds were controlled (7,15, 
19, 20) in most cases, weed control only had a major effect on the first harvest alfalfa yield 
(7, 14, 16). 
Although both the early and late postemergence treatments resulted in similar annual 
grass control, average alfalfa yields particularly at the first harvest, were lower for the late 
postemergence treatments. Other studies have also shown that although early and late 
postemergence treatments of grass herbicides resulted in significant increases in alfalfa 
yields, the greatest total alfalfa yields were obtained from the early postemergence 
treatments (9, 10, 11). 
Alfalfa is grown as the primary source of high protein forage for the dairy industry. 
The presence of annual grass weeds in the untreated check particularly at the time of the 
first harvest lowered the CP content of the untreated check. The average NDF content of 
the first harvest forage of the untreated check was 59% for both years. The NDF content 
estimates the plant cell wall content and its concentration is inversely related to voluntary 
dry matter intake (23). The intake of dry matter by ruminants is markedly reduced at 55% 
NDF. Maximum returns in dairy production occur when dry matter intake is maximized. 
Since voluntary consumption of a forage accounts for nearly 70% of its productive worth 
(24), the presence of annual grass weeds lowers forage consumption. This occurred 
whether digestibility of the annual grass weeds was equal to or lower than the alfalfa forage 
as measured by the ADF content. 
63 
Herbicide treatments lowered the ADF and increased the CP content of the forage. In 
addition, the presence of annual grass weeds will increase the NDF content of the forage. 
Although removal of annual grass weeds from newly seeded alfalfa did not improve total 
forage yields (alfalfa and weeds) because weeds were harvested along with the crop, 
forage quality was increased during both years. Similar studies have also shown that 
although removal of weeds may not improve total forage yields, higher alfalfa yields and 
increased forage quality can be obtained (4, 6, 7, 22). The postemergence grass control 
program for forage legumes can offer greater flexibility and ease of application for weed 
control in both new and established stands of alfalfa. 
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Table 2.19 Analysis of variance for the forage quality of the first harvest annual grass 
weed samples following postemergence applications of grass herbicides 
in 1984. 
Source 
ADF CP 
df MS F MS F 
Treatments (T) 4 77.99 3238** 33.31 54.61** 
Control (C) vs other 1 226.69 94.85** 117.13 192.02** 
Herbicides (H) 3 28.42 84.12** 5.37 92.93** 
Error a (w) 7 239 0.61 
Error b (w) 4 0.34 0.06 
Error a- T, Control vs T (+C) 
Error b- H (-C) 
** = highly significant (P<0.01) 
w = within sum of squares 
Table 2.20 Analysis of variance for the forage quality of the second harvest annual grass 
weed samples following postemergence applications of grass herbicides 
in 1984. 
Source 
ADF CP 
df MS F MS F 
Treatments (T) 6 537 3.32* 0.51 2.67NS 
Control (C) vs other 1 25.67 37.75** 0.63 332NS 
Herbicides (H) 5 135 1.63NS 0.49 10.37** 
Error a (w) 9 0.68 0.19 
Error b (w) 6 0.95 0.05 
Error a- T, Control vs T (+C) 
Error b- H (-C) 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
w = within sum of squares 
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Analysis of variance for arrral grass control radrgs following early and late 
potacmrrgence arrdcadons of serhoxydin. fluazifop, haloxyfop, fenoxaprop, 
SC IC-i— and qmzalofop in 1985. 
* A 
So_rcc o: 
variance 
7/11/85 
df MS F 
EIccjcs E 3 24.92 
Treannerts Trtsj 24 1,487.96 206.42** 
Cor ml C) vs oarer 
remera 1 33,413.34 4,634.31** 
Herbicides r7 5 312.97 41.84** 
Methods \M) 1 437.76 5832** 
Ram <R; 1 94.01 1237** 
HxM 5 7.14 0.95NS 
HxR 5 2339 3.13* 
MxR 1 631 0.87NS 
HxMxR 5 8.39 1.12NS 
Error a IB x T) 72 121 
Error b (B x T) 69 7.48 
Error a-1 rts, Control vs Tns (+C) 
Error h-H,M,R,HxM.HxR,MxR,HxMxR(-C) 
NS = tjO significance 
* = significant (P<0.05) 
** = highly significant fP<0.01j 
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Table 2.28 Analysis of variance for the forage quality of the first harvest annual grass 
weed samples following postemergence applications of grass herbicides 
in 1985. 
Source 
ADF CP 
df MS F MS F 
Treatments (T) 5 63.12 64.42** 10.17 4.61* 
Control (C) vs other T 1 158.81 162.05** 37.26 16.86** 
Herbicides (H) 4 39.19 83.17** 3.40 21.44** 
Error a (w) 8 0.98 2.21 
Error b (w) 5 0.47 0.16 
Error a- T, Control vs T (+C) 
Error b- H (-C) 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
w = within sum of squares 
Table 2.29 Analysis of variance for the forage quality of the second harvest annual grass 
weed samples following postemergence applications of grass herbicides 
in 1985. 
Source 
aBf CP 
df MS F MS F^ 
Treatments (T) 5 1.45 2.97NS 2.11 12.05** 
Control (C) vs other T 1 0.12 0.24NS 0.08 0.44NS 
Herbicides (H) 4 1.78 3.53NS 2.62 13.72** 
Error a (w) 8 0.49 0.18 
Error b (w) 5 0.51 0.19 
Error a- T, Control vs T (+C) 
Error b- H (-C) 
NS = no significance 
** = highly significant (P<0.01) 
w = within sum of squares 
79 
T
ab
le
 2
.3
0
 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
se
co
nd
 h
ar
ve
st
 f
or
ag
e 
q
u
al
it
y
 f
o
ll
o
w
in
g
 e
ar
ly
 a
nd
 l
at
e 
p
o
st
em
er
g
en
ce
 a
p
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
, 
fe
n
o
x
ap
ro
p
, 
S
C
 1
08
4 
an
d
 q
u
iz
al
o
fo
p
 i
n 
19
85
. 
D W 
a 
o 
& 
U-i 
13 
CO 00 oo 00 00 00 00 00 oo 
2 2 2 2 2 2 2 2 2 
Uh in cn CO CO CO o in >n oo 
in co ON o O in oo o o 
o r-H d d d d o o d 
cu 
CJ 
rr\ CN CO O NO CN o o _ CO in O p 
ON CO oo in O o CO in o o Co 
r-H d d d d d d d o o o o 
00 00 00 oo 00 00 00 00 00 
2 2 2 2 2 2 2 2 2 
Uh <—i On oo NO o r- ON 
Uh 
oo in ^H in CO r-H NO • CO Tf 
Q d o 1 r-H d o d d 
< 
r- «—i fH NO ▼—H o CO CN o oo tj- 
c/o co m OO oo »—• CO o O »n o o 
s oo CN rfa CO r-H CO CN 2 2 CO CO 
00 oo 00 00 00 00 00 00 00 
2 2 2 2 2 2 2 2 2 
tfa oo NO NO r-~ CN NO 4—4 CN o> 
»n o OO r—H O CN 4—4 O © 
d cn d d d d 1 4 d d 
CJ 
rr\ NO oo NO r» r-H r- CO _ NO NO NO 
co CO m T-H o o o NO NO 
2 d d o d d d o d d o 
00 oo oo 00 oo 00 00 00 00 
2 2 2 2 2 2 2 2 2 
Uh r-~ in NO r- oo p >n r H 4—4 
fa* r-~ O no <N p NO in 
Q o d r-H r-H d 4—4 d d o 
< 
o NO CN O cN oo CN oo oo oo CN 
CO in p CO (N oo f—4 o CN in 4—4 ^H 
cn 4—1 CO* in d CO CN ^H 4—4* CO CO 
r~l 
r-H in i-H »n in t-H in 
<4-4 CO CN On 
T3 CN r- NO 
fa 
3 
O 
OO 
c 
o 
• 
4—* 
a 
<D 
-C 
c/a 
G 
H oo > 
00 
«' S 
C/a 3 
M H 
8 a <l> 
« H 
OO O 
3 O 
o 
fa 
C 
o 
CJ 
co 
4—< 
c <L> 
6 
a <L> 
fa 
oo 
X3 i2 CtJ 
a ’g 
•3 fa oo 
■S- U 
U ^ Cl 
ffi S cfa X 
S 
X 
OS ^ 
X X 
ss s 
OS 
x 
S 
X 
E 
PP 
X x 
m « 
C3 .O 
t-> t- o o 
fa fa 
w w 
cj 
c/a 
g 
H 
co 
> 
3 
fa 
c 
o 
CJ 
r* oo 
ts 
H 
cd 
i-> 
O 
fa 
W 
80 
E
rr
o
r 
b-
 H
, 
M
, 
R
, 
H
 x
 M
, 
H
 x
 R
, 
M
 x
 R
, 
H
 x
 M
 x
 R
 (
-C
) 
N
S
 =
 n
o 
si
g
n
if
ic
an
ce
 
* 
=
 s
ig
n
if
ic
an
t 
(P
<
0.
05
) 
**
 =
 h
ig
hl
y 
si
g
n
if
ic
an
t 
(P
<
0
.0
1
) 
Literature Cited 
1. Ashton, F. M. and A. S. Crafts. 1981. Mode of Action of Herbicides, 2nd ed. 
Wiley Interscience Publ., John Wiley and Sons, New York, London, Sydney, 
Toronto. 
2. Association of Official Agricultural Chemists. 1980. Official methods of analysis. 
13th ed. Assoc. Offic. Anal. Chem., Washington, D. C. 
3. Chemicky, J. P., B. J. Gossett and T. R. Murphy. 1984. Factors influencing 
control of annual grasses with sethoxydim and Ro 13-8895. Weed Sci. 32:174-177. 
4. Cosgrove, D. R. and M. Barret. 1987. Effect of weed control in established alfalfa 
(Medicago sativa) on forage yield and quality. Weed Sci. 35:564-567. 
5. Derr, J. F., T. J. Monaco and T. J. Sheets. 1985. Response of three annual grasses 
to fluazifop. Weed Sci. 33:693-697. 
6. Dutt, T. E., R. G. Harvey, R. S. Fawcett, N. A. Jorgensen, H. J. Larsen and 
D. A. Schlough. 1979. Forage quality and animal performance as influenced by 
quackgrass (Agropvron repens) control in alfalfa (Medicago sativa) with pronamide. 
Weed Sci. 27:127-132. 
7. Fawcett, R. S. and R. G. Harvey. 1978. Field comparison of seven dinitroaniline 
herbicides for alfalfa (Medicago sativa) seedling establishment. 
Weed Sci. 26:123-127. 
8. Grichar, W. J. and T. E. Boswell. 1986. Postemergence grass control in peanut 
(Arachis hvpogaea). Weed Sci. 34:587-590. 
9. Himmelstein, F. J. and R. A. Peters. 1981. Comparison of three postemergence 
grass herbicides on a new alfalfa seeding. Proc. Northeast. 
Weed Sci. Soc. 35:70-74. 
10. Himmelstein, F. J. and R. A. Peters. 1982. Non-incorporated herbicides for large 
crabgrass rDigitaria sanguinalis (L.)l. Scop. Abstr. Weed Sci. Soc. Am. 22:36. 
11. Himmelstein, F. J. and R. A. Peters. 1983. Timing of postemergence grass 
herbicides for annual grass control in a new alfalfa seeding. Proc. Northeast. 
Weed Sci. Soc. 37:57-60. 
12. Himmelstein, F. J. and R. A. Peters. 1983. Crabgrass-alfalfa competition as 
influenced by application of postemergence herbicides. Proc. Northeast. 
Weed Sci. Soc. 37:74-79. 
13. Leroux, G. D. and R. G. Harvey. 1985. Herbicides for sod seeding establishment 
of alfalfa (Medicago sativa) in quackgrass (Agropvron repens)-infested alfalfa 
swards. Weed Sci. 33:222-228. 
14. Linscott, D. L., A. A. Akhavein and R. D. Hagin. 1967. Paraquat for weed control 
prior to establishing legumes. Weed Sci. 17:428-431. 
81 
15. McCarty, M. K. and P. F. Sand. 1961. Chemical weed control in seedling alfalfa 
ID. Effect of some herbicides on five varieties. Weeds 9:14-19. 
16. Moline, W. J. and L. R. Robinson. 1971. Effect of herbicides and seeding rates on 
production of alfalfa. Agron. J. 63:614-616. 
17. Mueller-Warrant, G. W. and D. W. Koch. 1980. Establishment of alfalfa by 
conventional and minimum tillage techniques in a quackgrass-dominant sward. 
Agron. J. 72:884-889. 
18. Mueller-Warrant, G. W. and D. W. Koch. 1983. Fall and spring herbicide 
treatment for minimum tillage seeding of alfalfa fMedicago sativaL 
Weed Sci. 31:391-395. 
19. Peters, E. J. 1964. Preemergence, preplanting and postemergence herbicides for 
alfalfa and birdsfoot trefoil. Agron. J. 56:415-419. 
20. Pike, D. R. and J. F. Stritzke. 1984. Alfalfa (Medicago satival - cheat (Bromus 
secalinus) competition. Weed Sci.32: 751-756. 
21. Rayburn, E. B., J. F. Hunt and D. L. Linscott. 1981. Three year summary of no¬ 
till forage establishment research on New York farm sites. Proc. Northeast 
Weed Sci. Soc. 35:65-66. 
22. Temme, D. G., R. G. Harvey, R. S. Fawcett and A. W. Young. 1979. Effects of 
annual weed control on alfalfa forage quality. Agron. J. 71:51-54. 
23. Van Soest, P. J. 1965. Symposium on factors influencing the voluntary intake of 
herbage by ruminants: Voluntary intake in relation to chemical composition and 
digestibility. J. Anim. Sci. 24:834-843. 
24. Van Soest, P. J. 1978. Composition and nutritive value of forages. Pages 53-63 in 
M. E. Health, D. S. Metcalf and R. F. Barnes, eds. Forages, the Science of 
Grassland Agriculture, 3rd ed. The Iowa State Univ. Press, Ames, LA. 
25. Van Soest, P. J. 1982. Nutritional Ecology of the Ruminant. O and B Books, 
Comvallis, OR. 
26. Vaughan, R. H. and D. L. Linscott. 1983. Herbicide performance in no-till 
establishment in grain stubble. Proc. Northeast. Weed Sci. Soc. 37:68-72. 
27. Wakefield, R. C. and C. D. Sawyer. 1983. Control of annual weedy grasses in no¬ 
till alfalfa seedings. Proc. Northeast Weed Sci. Soc. 37:8. 
« 
82 
CHAPTER III 
TANK MIX AND SEPARATE APPLICATIONS OF POSTEMERGENCE GRASS 
HERBICIDES WITH 2,4-DB FOR BROADSPECTRUM ANNUAL WEED CONTROL 
IN SEEDLING ALFALFA 
Abstract 
Conventional seedings of alfalfa (Medicago sativa L.) were treated with sethoxydim (2- 
[l-(ethoxyimino) butyl]-5-[2-(ethylthio) propyl]-3-hydroxy-2-cyclohexen-l-one), 
fluazifop (2-[4-[ [5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] propanoic acid), 
haloxyfop (2-[4-[ [3-chloro-5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] propanoic 
acid), SC 1084 (chemistry unknown), fenoxaprop (2-[4-[(6-chloro-2-benzoxazoly) oxy] 
phenoxy] propanoic acid), and quizalofop (2-[4-[ [6-chloro-2-[4-[(6-chloro-2- 
quinoxalinyl) oxy] phenoxy] propanoic acid) in tank mix and separate application with 2,4- 
DB, in the spring of 1984 and 1985 for the control of annual grass and broadleaf weeds. 
All herbicide treatments effectively controlled annual grass and broadleaf weeds. Herbicide 
treatments reduced average first harvest annual grass yields more than 97% compared to 
the annual grass yields of the untreated check. Herbicide treatments increased average first 
harvest alfalfa yields 57 and 29% and increased average second harvest alfalfa yields 50 
and 12% compared to the alfalfa yields of the control in 1984 and 1985, respectively. 
Control of annual weeds prior to the first harvest was essential since annual weeds 
comprised 54 and 43% of the total first harvest forage yields of the untreated check in 1984 
and 1985, respectively. Annual grass weeds comprised 59% of the total second harvest 
forage yields of the untreated check in 1984, but only 5% of the total second harvest forage 
yields in the untreated check in 1985. Although both the separate and tank mix 
combinations of 2,4-DB and postemergence grass herbicides resulted in effective weed 
control, some antagonism was observed at the lower rate of the grass herbicides when tank 
mixed with 2,4-DB. Total alfalfa yields were similar to or slightly lower for the tank mix 
treatments compared to separate applications. All herbicide treatments increased the forage 
quality compared to the untreated check as measured by the acid detergent fiber (ADF) and 
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crude protein (CP) content. Herbicide treatments had little effect on the ADF content in 
1984, but reduced the ADF content compared to the untreated check by 6% in 1985. 
Herbicide treatments increased the CP content of the first harvest forage by 18% for both 
years. The lower quality of the first harvest forage in the untreated check was primarily 
due to the annual grass weeds. Broadleaf weeds had less affect in lowering the forage 
quality of the untreated check than the annual grass weeds. The neutral detergent fiber 
content (NDF) of the first harvest annual grass weeds was 25% greater than the alfalfa 
forage of the untreated check for both years indicating that voluntary forage consumption 
would be reduced due to the presence of the annual grass weeds. Herbicide treatments 
increased the quality of the second harvest forage. 
Introduction 
Annual weed control for new conventional seedings of alfalfa has been obtained with 
the use of preplant incorporated herbicides for control of annual grasses and some 
broadleaf weeds (6,9, 13). In addition, a postemergence herbicide for broadleaf weed 
control may be applied later in the season. Annual weed control for no-tillage seedings has 
been limited to the use of broadleaf herbicides with no postemergence herbicide for control 
of annual grass weeds. 
Postemergence grass herbicides are only effective on the grass weed population. 
Therefore, it is often necessary to apply another herbicide for broadleaf weed control. 
Tank mixes of both the broadleaf and grass herbicides could result in a one pass 
postemergence annual weed control program for this crop. 
Several studies have shown a decrease in grass control has been observed when 
sethoxydim and bentazon were applied in tank mixtures, however, tank mix antagonism 
was overcome by increasing the rate of sethoxydim (2,7,15). Sequential applications of 
both herbicides eliminated the antagonism (7, 15). 
Postemergence application of 2,4-DB with tank mixtures of sethoxydim has shown 
good crop safety, minimal grass antagonism and excellent efficacy (16). Himmelstein and 
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Peters (8) reported that broadspectrum weed control of crabgrass and annual broadleaf 
weeds in seedling alfalfa was achieved with sethoxydim, fluazifop-butyl, fenoxaprop-ethyl 
and haloxyfop-methyl when each combined in a tank mixture with 2,4-DB. While all 
herbicide combinations increased alfalfa yields with no reduction in crabgrass control, 
alfalfa yields were lower for several tank mix combinations compared to the grass 
herbicides applied alone. Decreases in grass control have been reported when fluazifop 
and sethoxydim were tank mixed with 2,4-DB (5). 
Little information has been available on the effects of tank mix versus sequential 
applications of postemergence grass herbicides and 2,4-DB on the forage composition, 
yield and quality of alfalfa stands during the year of establishment The objectives of the 
research reported here were to (a) evaluate the efficacy of six postemergence grass 
herbicides both in tank mixtures with 2,4-DB and in sequential applications, and to (b) 
evaluate the effects of these treatments on the forage composition, yield and quality of the 
forage during the establishment. 
Materials and Methods 
Field experiments were conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa 'Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 7, 1984 and on May 23,1985. 
Sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop were applied 
at 0.14 and 0.28 kg/ha in tank mixes and separate applications with 2,4-DB at 1.12 kg/ha 
with a C02-pressurized backpack sprayer in 375 L/ha at 152 kPa, using SS8004 flat-fan 
nozzles. The major annual weed species in 1984 were yellow foxtail (Setaria lutescens 
(Weigel) F. T. Hubb), bamyardgrass (Echinochloa crus-galli L.) and large crabgrass 
(Digitaria sanguinalis (L.) Scop) with relatively few broadleaf weeds (common 
lambsquarters rChenopodium album L.], redroot pigweed lAmaranthus retroflexus L.] and 
common ragweed \Ambrosia artemisiifolia L.]). Treatments in 1984 were applied on 
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June 14 when alfalfa, was at the 5- to 7-trifoliate leaf stage. Annual grass weeds were at the 
3- to 4-leaf stage and tillering. The major annual weed species in 1985 included large 
crabgrass, fall panicum (Panicum diehotomiflorum L.), common lambsquarters and 
redroot pigweed. Treatments in 1985 were applied on June 4 when alfalfa was at the 17- 
trifoliate leaf stage. Annual grass weeds were at the 3- to 5-leaf stage and tillering. 
Separate applications of 2,4-DB were made one day following the grass herbicide 
treatments. A crop oil concentrate was added to all herbicide treatments at the rate of 1% 
(v/v) of the total spray solution. 
Treatments were auanged in a randomized complete block with four replications. Plot 
size was 1.5 by 6.0 m. Annual grass control was rated on a scale from 0 to 100 where 
0 = no control and 100 = complete control. Ratings were made prior to the first harvest on 
June 22, July 3 and 11 in 1984, and on July 15 and August 1 in 1985. Alfalfa was 
harvested on July 17 and September 12, 1984, and on August 5 and September 18, 1985. 
Dry matter yields were determined by harvesting a 1-m swath through the center of each 
plot Edge effects were eliminated prior to harvest by trimming a strip from each end of the 
sampling area. Green weights of all harvested herbage were taken in the field. 
Subsamples were taken from each plot for both dry matter determination and botanical 
separation prior to disturbing the cut sample. Yields were reported on a 100% dry matter 
basis. Botanical separations of the fresh material into alfalfa, annual grass weeds and 
annual broadleaf weeds were performed by hand and the components were separately dried 
and weighed. No attempt was made to separate annual grass or broadleaf weeds by 
species. 
Data were subjected to analysis of variance (Tables 3.14-3.24). All data except the 
forage quality analysis of the annual grass samples were analyzed as a randomized 
complete block factorial with treatment effects assigned to herbicides, rates and method of 
application. A single degree of freedom comparison was used to analyze the effects of the 
untreated control versus herbicide treatments. Regression analysis for the rate response 
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and Duncan's multiple range test (P< 0.05) for the herbicide and method of application 
response were used to discuss means where appropriate. 
Botanical separation samples were saved for forage quality analysis. The alfalfa, annual 
grass and broadleaf weed components were separately analyzed for analytical moisture, 
acid detergent fiber, neutral detergent fiber and total protein. Where separation samples for 
annual grass and broadleaf weeds were too small to prepare a separate analysis from each 
replication samples were pooled. A statistical analysis of variance for unequal numbers 
was conducted for annual grass weed samples where appropriate. Forage quality was 
reported on a 100% dry matter basis. Analysis of forage samples was determined by the 
Association of Official Analytical Chemists Methods (1). Average forage quality for each 
analysis was then determined by calculation of the yield and quality contribution of both the 
alfalfa and grass component of each harvest. 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (20). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Neutral detergent fiber estimates the plant cell wall content and its 
concentration is inversely related to dry matter intake (18). This assay measured the lignin, 
cellulose and hemicellulose components of the plant. Total protein was determined by the 
Kjeldahl procedure (1). The crude protein content was calculated by multiplying total N by 
6.25. 
Results 
1984 Experiment 
Annual Weed Control 
Treatments with 2,4-DB gave excellent control (100%) of common lambsquarters and 
common ragweed when applied alone or in tank mixtures with postemergence grass 
herbicides. The fenoxaprop, fluazifop, haloxyfop and quizalofop treatments gave from 75 
to 80% control of yellow foxtail, large crabgrass and bamyardgrass 8 days after treatment 
(DAT) (Tables 3.1-3.2). The SC 1084 and sethoxydim treatments resulted in similar 
87 
Table 3.1 Annual grass control ratings and botanical composition following 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1984 (Treatments). 
Botanical composition 
Annual grass control (DAT) Harvest 1 Harvest 2 
Herbicide Rate Method 8 19 27 Alfalfa Grass Alfalfa Grass 
Sethoxydim 
(kg/ha) 
0.14 TM 
(%) 
99 
Sethoxydim 0.14 SA 70 83 93 97 3 62 38 
Sethoxydim 0.28 TM 68 91 99 100 0 69 30 
Sethoxydim 0.28 SA 73 90 99 99 0 72 28 
Fluazifop 0.14 TM 70 89 98 99 0 64 34 
Fluazifop 0.14 SA 78 91 98 100 0 75 23 
Fluazifop 0.28 TM 78 94 100 100 0 77 21 
Fluazifop 0.28 SA 78 94 99 99 0 73 27 
Haloxyfop 0.14 TM 83 95 99 98 1 76 23 
Haloxyfop 0.14 SA 80 94 100 100 0 79 18 
Haloxyfop 0.28 TM 80 99 100 100 0 86 11 
Haloxyfop 0.28 SA 75 96 100 99 0 71 27 
Fenoxaprop 0.14 TM 75 95 99 99 1 71 26 
Fenoxaprop 0.14 SA 73 98 100 100 0 73 24 
Fenoxaprop 0.28 TM 78 99 100 99 1 77 22 
Fenoxaprop 0.28 SA 75 100 100 100 0 64 34 
SC1084 0.14 TM 68 80 86 89 9 62 37 
SC 1084 0.14 SA 75 85 91 96 4 73 26 
SC1084 0.28 TM 63 88 93 100 0 74 23 
SC 1084 0.28 SA 68 88 96 99 1 72 25 
Quizalofop 0.14 TM 75 98 100 100 0 76 24 
Quizalofop 0.14 SA 78 94 100 99 1 70 25 
Quizalofop 0.28 TM 85 99 100 100 0 75 24 
Quizalofop 0.28 SA 80 99 100 98 0 79 19 
Control 0** 0** 0** 46** 42** 41** 59** 
TM = tank mixture 
S A = separate application 
Control mean value vs herbicide mean value 
** = highly significant (P<0.01) 
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Table 3.2 Annual grass control ratings and botanical composition following 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1984 (Main effects and interactions). 
Annual grass control (DAT) 
Botanical 
Harvest 1 
composition 
Harvest 2 
8 19 27 Alfalfa Grass Alfalfa Grass 
Herbicides 
11 
Sethoxydim 72bc 89c 96b 99a lb 68 31 
Fluazifop 76ab 92b 98ab 100a 0b 72 26 
Haloxyfop 79a 96a 100a 99a 0b 78 20 
Fenoxaprop 75ab 98a 100a 99a lb 71 27 
SC 1084 68c 85d 92c 96b 3a 70 28 
Quizalofop 79a 97a 100a 99a 0b 75 23 
NS NS 
Rates (kg/ha) 
0.14 75 91 96 98 2 71 27 
0.28 75 95 99 99 0 74 24 
NS ** ** ** ** NS NS 
Methods 
Tank Mixture 75 93 97 99 1 73 25 
Separate Application 75 93 98 99 1 72 26 
NS NS NS NS NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 74 87 94 98 2 66 32 
Sethoxydim 0.28 70 90 99 99 0 71 29 
NS NS ** NS ** NS NS 
Fluazifop 0.14 74 90 98 100 0 69 29 
Fluazifop 0.28 78 94 99 100 0 75 24 
NS NS NS NS NS NS NS 
Haloxyfop 0.14 81 94 99 99 1 78 21 
Haloxyfop 0.28 78 98 100 99 0 79 19 
NS NS NS NS NS NS NS 
Fenoxaprop 0.14 74 96 99 99 1 72 25 
Fenoxaprop 0.28 76 99 100 99 1 70 28 
NS NS NS NS NS NS NS 
SC 1084 0.14 71 83 89 93 6 67 32 
SC1084 0.28 65 88 94 99 0 73 24 
NS * ** ** ** NS NS 
Quizalofop 0.14 76 96 100 99 1 73 24 
Quizalofop 0.28 83 99 100 99 0 77 21 
NS NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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annual grass control 8 DAT, however, the SC 1084 treatments resulted in lower annual 
grass control than the other herbicide treatments at that time. The sethoxydim treatments 
resulted in lower annual grass control than the haloxyfop and quizalofop treatments 8 DAT. 
The haloxyfop, quizalofop and fenoxaprop treatments gave greater than 95% control of 
annual grass weeds 19 DAT. The fluazifop, sethoxydim and SC 1084 treatments resulted 
in lower annual grass control than the haloxyfop, quizalofop and fenoxaprop treatments 
19 DAT. Annual grass control decreased in order of the fluazifop, sethoxydim and SC 
1084 treatments respectively. Increasing the herbicide rate increased annual grass control. 
Annual grass control was not affected by the method of application (tank mixes vs separate 
applications) at that time. 
Annual grass control remained lower for the SC 1084 treatments than the other 
herbicide treatments by 27 DAT. The sethoxydim and fluazifop treatments resulted in 
similar annual grass control. The haloxyfop, fenoxaprop and quizalofop treatments 
resulted in greater annual grass control than the sethoxydim treatments. In general, annual 
grass control increased as the herbicide rate increased 27 DAT, however, the interaction 
between herbicide rate increased 27 DAT, however, the interaction between herbicide and 
rate indicated that only the sethoxydim and SC 1084 treatments resulted in better annual 
grass control as the herbicide rate increased. Although the sethoxydim treatments applied 
at 0.14 kg/ha resulted in lower annual grass control than the fluazifop, haloxyfop, 
fenoxaprop and quizalofop treatments, increasing the rate to 0.28 kg/ha resulted in similar 
annual grass control as these herbicide treatments. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 46% alfalfa, 
42% annual grass weeds and 12% annual broadleaf weeds (Tables 3.1-3.2). The average 
botanical composition of the herbicide treatments was 99% alfalfa with annual grass and 
broadleaf weeds representing less than 1% of the total first harvest forage yields. 
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Forage from the SC 1084 treatments had a greater annual grass component and a lower 
alfalfa component than the other herbicide treatments. The botanical composition of the 
forage was similar among rates and methods of application (tank mix vs separate 
applications) for all herbicide treatments except the SC 1084 treatments. Forage from the 
SC 1084 treatments had a greater annual grass component and a lower alfalfa component 
when applied at 0.14 kg/ha compared to the 0.28 kg/ha rate. Forage from the SC 1084 
treatments had a lower alfalfa component and a greater annual grass component applied in 
tank mixes with 2,4-DB compared to separate applications. 
Suppressed alfalfa regrowth was attributed to the delayed mowing of the remaining 
forage after the first harvest yields were determined. The alfalfa stand was weakened as a 
result of injury allowing an infestation of crabgrass to flourish by the time of the second 
harvest Herbicide treatments resulted in greater alfalfa regrowth after the first harvest 
compared to the untreated check despite the adverse conditions created as a result of the 
delayed mowing. The botanical composition of the untreated check at the second harvest 
was 41% alfalfa and 59% annual grass weeds. The average botanical composition of the 
herbicide treatments was 73% alfalfa, and 26% annual grass weeds. Broadleaf weeds and 
sedges made up less than 2% of the average total forage yields. The botanical composition 
at the second harvest was similar among herbicides, rates and methods of application. 
Forage Yields 
The sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop treatments 
applied at 0.14 and 0.28 kg/ha in tank mix and separate applications with 2,4-DB at 1.12 
kg/ha effectively reduced first harvest annual grass and broadleaf weeds (Tables 3.3-3.5). 
Herbicide treatments reduced average broadleaf weed yields (10 kg/ha) by 99% compared 
to the broadleaf weed yields of the untreated check (1034 kg/ha). Herbicide treatments 
reduced average annual grass yields (29 kg/ha) by 98% compared to the annual grass 
yields of the untreated check (1773 kg/ha). 
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Table 3.4 Dry matter yields of annual grasses and alfalfa following postemergence 
applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and 
quizalofop in 1984 (Main effects and interactions). 
Annual grasses Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
| (kg/ha) 
Herbicides 
Sethoxydim 30b 1060 1080 2890b 2250 5140b 
Fluazifop 0b 850 850 3130b 2300 5430ab 
Haloxyfop 10b 620 630 3440a 2400 5840a 
Fenoxaprop 10b 850 860 2950b 2170 5120b 
SC 1084 110a 870 980 3040b 2140 5180b 
Quizalofop 10b 740 750 3170b 2270 5440ab 
NS NS NS 
Rates (kg/ha) 
0.14 50 890 940 3060 2250 5320 
0.28 10 770 770 3150 2250 5400 
** NS NS NS NS NS 
Methods 
Tank Mixture 30 790 830 3080 2240 5320 
Separate Application 20 860 890 3130 2260 5400 
NS NS NS NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 50 1160 1210 2820 2320 5140 
Sethoxydim 0.28 0 960 960 2970 2180 5150 
NS NS NS NS NS NS 
Fluazifop 0.14 10 920 930 3040 2190 5230 
Fluazifop 0.28 0 780 780 3220 2410 5630 
NS NS NS NS NS NS 
Haloxyfop 0.14 20 630 650 3490 2390 5880 
Haloxyfop 0.28 0 610 610 3400 2410 5800 
NS NS NS NS NS NS 
Fenoxaprop 0.14 10 820 830 2830 2240 5070 
Fenoxaprop 0.28 20 870 890 3070 2100 5160 
NS NS NS NS NS NS 
SC1084 0.14 200 1000 1200 3090 2130 5220 
SC1084 0.28 20 730 750 2990 2150 5140 
** NS NS NS NS NS 
Quizalofop 0.14 20 820 840 3110 2250 5360 
Quizalofop 0.28 0 650 650 3240 2290 5530 
NS NS NS NS NS NS 
Means within columns with common letlers are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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Herbicides, rate and interactions between herbicide and rate, and between herbicide, 
method and rate affected first harvest annual grass yields. The SC 1084 treatments resulted 
in greater annual grass yields than the other herbicide treatments. Increasing the herbicide 
rate decreased annual grass yields. The interaction between herbicide and rate indicated 
that only the SC 1084 treatments resulted in greater annual grass yields at the 0.28 kg/ha 
rate. The other herbicide treatments effectively controlled annual grass weeds at both rates 
of application. The interaction between herbicide, method and rate indicated that only 
when SC 1084 was applied tank mixed with 2,4-DB at 0.14 kg/ha, annual grass yields 
were greater compared to separate applications of SC 1084 at both the 0.14 and 0.28 kg/ha 
rates. Although the SC 1084 treatments resulted in greater annual grass yields when tank- 
mixed with 2,4-DB compared to separate applications, SC 1084 applied at the 0.14 kg/ha 
rate, in particular, resulted in higher grass yields. SC 1084 treatments applied at 0.28 
kg/ha resulted in similar annual grass yields as the other herbicide treatments. 
Herbicide treatments increased average first harvest alfalfa yields (3106 kg/ha) by 57% 
compared to the alfalfa yields of the untreated check (1975 kg/ha). Herbicides and 
interactions between herbicide and method affected first harvest alfalfa yields. The 
haloxyfop treatments resulted in greater first harvest alfalfa yields than the other herbicide 
treatments. Sethoxydim, fluazifop, fenoxaprop, SC 1084 and quizalofop treatments 
resulted in similar alfalfa yields. 
The interaction between herbicide and method indicated that the haloxyfop treatments 
when applied in tank mixes with 2,4-DB resulted in similar alfalfa yields as the separate 
applications of 2,4-DB with fluazifop, haloxyfop and SC 1084 and the tank mixes of 
quizalofop and 2,4-DB. Tank mixes of haloxyfop and 2,4-DB resulted in greater alfalfa 
yields than the other herbicide treatments. Separate applications of haloxyfop and 2,4-DB 
resulted in greater alfalfa yields than the separate applications of sethoxydim and 2,4-DB 
and the tank mixes of fenoxaprop and 2,4-DB. The separate applications of fluazifop and 
2,4-DB and the tank mixes of quizalofop and 2,4-DB resulted in greater alfalfa yields than 
95 
the tank mixes of 2,4-DB with fenoxaprop and SC 1084 and the separate applications of 
sethoxydim and 2,4-DB. Increasing the herbicide rate generally had a positive impact on 
first harvest alfalfa yields when the grass herbicides were applied in tank mixtures with a 
2,4-DB. 
Although regrowth of annual grass weeds occurred after the first harvest, herbicide 
treatments reduced average second harvest annual grass yields (858 kg/ha) by 62% 
compared to the annual grass yields of the untreated check (2199 kg/ha). Herbicide 
treatments resulted in similar annual grass yields. 
Although the annual grass infestation suppressed second harvest alfalfa yields herbicide 
treatments increased average second harvest alfalfa yields (2254 kg/ha) by 50% compared 
to the alfalfa yields of the untreated check (1499 kg/ha). Herbicide treatments resulted in 
similar alfalfa yields. 
Herbicide treatments resulted in similar total annual grass yields. Herbicides and 
interactions between herbicide and method affected total seasonal alfalfa yields. The 
haloxyfop treatments resulted in greater total alfalfa yields than the SC 1084, sethoxydim 
and fenoxaprop treatments. Tank mixes of haloxyfop and 2,4-DB resulted in similar 
alfalfa yields as the separate applications of 2,4-DB with fluazifop, haloxyfop, and 
SC 1084 and the tank mixes of 2,4-DB with quizalofop. The herbicide and method 
interaction indicated that all other treatments resulted in lower alfalfa yields than the tank 
mixes of 2,4-DB with haloxyfop. Separate applications of haloxyfop and 2,4-DB resulted 
in greater alfalfa yields than the tank mixes of 2,4-DB with fenoxaprop and SC 1084. The 
tank mixes of fluazifop and 2,4-DB and the separate applications of fluazifop and 2,4-DB 
resulted in greater alfalfa yields than the tank mixes of 2,4-DB with fenoxaprop and 
SC 1084. 
Total alfalfa yields from separate and tank mix combinations for each herbicide 
applications were not different Although no differences in total alfalfa yields occurred 
between herbicides from the separate application treatments, total alfalfa yields among the 
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tank mixes were different between herbicide treatments. The method and rate interaction 
indicated increasing the herbicide rate in tank mixtures overcame the reduced weed obtained 
at the lower application rate. The 0.28 kg/ha rate of grass herbicides in tank mixtures with 
a 2,4-DB resulted in similar alfalfa yields as obtained with the separate application 
treatments and 2,4-DB at both rates. 
Forage Quality 
First Harvest 
Herbicides, rates and methods of application (tank mix vs separate application) had no 
affect on the acid detergent fiber (ADF) content of the total forage (alfalfa and annual 
weeds) (Table 3.6). The presence of the annual grass and broadleaf weeds in the untreated 
check lowered the nutritional quality of the forage as measured by the crude protein (CP) 
content The CP content of the annual grass weeds (13.2%) and annual broadleaf weeds in 
the untreated check (18.1%) was 35 and 11% lower in the CP content than alfalfa (alfalfa 
component) in the untreated check (20.4%). Herbicide treatments increased the average 
CP content of the total forage (20.2%) by 18% compared to the average CP content of the 
forage from the untreated check (17.1%). The CP content of the total forage was similar 
among herbicides, rates and methods of application. 
Although the ADF content of the total forage was not affected by herbicide treatments, 
the neutral detergent fiber (NDF) content of the untreated check indicated that the NDF 
content was significantly different between alfalfa, and the annual grass and broadleaf 
weeds. The NDF content of the annual grass weeds in the untreated check (67.6%) was 
29% greater than the NDF content of the alfalfa of the untreated check (52.4%). The NDF 
content of the annual broadleaf weeds (53.9%) was similar to the NDF content of the 
alfalfa. Due to the large annual grass component of the untreated check, the NDF content 
of the total forage in the untreated check averaged 59% NDF. 
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Table 3.6 Forage quality analysis of the total first and second harvest forage following 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1984. 
Harvest 1 Harvest 2 
Herbicide Rate Method ADF CP ADF CP 
(kg/ha) liiiit (%)i 
Sethoxydim 0.14 TM 35.4 19.9 36.0 19.1 
Sethoxydim 0.14 SA 36.6 21.0 383 18.7 
Sethoxydim 0.28 TM 34.7 19.7 37.1 19.3 
Sethoxydim 0.28 SA 35.5 20.6 35.7 20.1 
Fluazifop 0.14 TM 36.1 21.2 363 19.5 
Fluazifop 0.14 SA 34.8 19.7 36.2 20.1 
Fluazifop 0.28 TM 363 20.6 35.0 21.3 
Fluazifop 0.28 SA 363 20.9 36.9 19.6 
Haloxyfop 0.14 TM 36.8 193 35.3 21.2 
Haloxyfop 0.14 SA 37.1 19.9 36.1 20.9 
Haloxyfop 0.28 TM 35.9 203 35.0 2X1 
Haloxyfop 0.28 SA 36.4 203 36.2 20.5 
Fenoxaprop 0.14 TM 34.4 20.4 35.4 20.9 
Fenoxaprop 0.14 SA 36.0 19.9 35.9 19.8 
Fenoxaprop 0.28 TM 36.0 20.8 36.4 19.9 
Fenoxaprop 0.28 SA 35.7 203 36.9 19.3 
SC 1084 0.14 TM 353 203 35.9 19.3 
SC 1084 0.14 SA 36.9 19.6 36.7 20.5 
SC 1084 0.28 TM 36.8 193 35.2 20.7 
SC1084 0.28 SA 35.0 20.6 36.3 19.8 
Quizalofop 0.14 TM 36.6 203 36.9 19.8 
Quizalofop 0.14 SA 363 20.2 36.3 19.4 
Quizalofop 0.28 TM 363 19.7 36.2 20.7 
Quizalofop 0.28 SA 36.7 19.9 35.6 21.2 
Control (alf + gr + bl) 37.2NS 17.1** 37.8* 16.5** 
alf 373 20.4 34.6 23.4 
gr 37.8 13.2 39.9 11.8 
bl 34.8 18.1 
Herbicides 
Sethoxydim 35.6 203 36.8 19.3 
Fluazifop 35.9 20.6 36.1 20.1 
Haloxyfop 363 20.0 35.6 21.2 
Fenoxaprop 353 20.4 36.2 20.0 
SC1084 36.0 20.0 36.0 20.1 
Quizalofop 36.6 20.0 36.3 20.3 
NS NS NS NS 
Rates (kg/ha) 
0.14 36.0 20.2 36.3 19.9 
0.28 36.0 20.2 36.0 20.4 
NS NS NS NS 
Methods 
Tank Mixture 35.9 20.2 35.9 20.3 
Separate Application 36.1 20.2 36.4 20.0 
NS NS NS NS 
TM = tank mixture; SA = separate application 
Control mean value vs herbicide mean value 
NS = no significance; ** = highly significant (P<0.01) 
alf, gr, bl = alfalfa, annual grass weeds and annual broadleaf weeds from the control 
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Second Harvest 
The ADF content of the total forage in the untreated check (37.8%) was greater than the 
average ADF content of the total forage from the herbicide treatments (36.2%) (Table 3.6). 
The greater ADF content of the untreated check was due to the ADF content of the annual 
grass weeds (39.9%) which comprised 59% of the total forage yields of the control. The 
ADF content of the alfalfa in the untreated check was only 34.6% due to the restricted 
growth as a result of the annual grass competition throughout the season. 
The CP content of the annual grass weeds in the untreated check (11.8%) was 50% 
lower than the CP content of alfalfa in the untreated check (23.4%). Herbicide treatments 
increased the average CP content of the total forage (20.1%) by 22% compared to the CP 
content of the untreated check (16.5%). The forage quality of the herbicide treatments was 
less affected by the higher ADF content and lower CP content of the annual grass weeds 
since the annual grass weeds from the herbicide treatments represented less than 26% of 
the total second harvest forage yields. Herbicide treatments reduced the ADF content of the 
annual grass weeds (36.2%) by more than 9% compared to the ADF content of the annual 
grass weeds in the untreated check (39.9%). Herbicide treatments increased the average 
CP content of the annual grass weeds (13.0%) by more than 10% compared to the CP 
content of the annual grass forage in the untreated check (11.8%). 
1985 Experiment 
Annual Weed Control 
Treatments with 2,4-DB gave excellent control of lambsquarters and redroot pigweed 
whether applied in tank mixes with postemergence grass herbicides or in separate 
applications. Herbicides, rates and methods of application (tank mix vs separate 
application) and interactions between herbicide and rate, herbicide and method, and method 
and rate affected control of large crabgrass and fall panicum by 14 days after treatment 
(DAT) (Tables 3.7-3.9). The fenoxaprop, haloxyfop and quizalofop treatments resulted in 
greater annual grass control than the fluazifop, sethoxydim and SC 1084 treatments 
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Table 3.7 Annual grass control ratings and botanical composition following 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1985 (Treatments). 
Annual grass 
control (DAT) 
Botanical composition 
Harvest 1 Harvest 2 
Herbicide Rate Method 14 31 Alfalfa Grass Alfalfa Grass 
Sethoxydim 
(kg/ha) 
0.14 TM 
llilill (%> 
81 3 
Sethoxydim 0.14 SA 90 89 98 2 98 2 
Sethoxydim 0.28 TM 94 94 100 0 100 0 
Sethoxydim 0.28 SA 93 99 100 0 100 0 
Fluazifop 0.14 TM 91 96 100 0 100 0 
Fluazifop 0.14 SA 93 96 100 0 100 0 
Fluazifop 0.28 TM 90 96 100 0 100 0 
Fluazifop 0.28 SA 91 98 100 0 100 0 
Haloxyfop 0.14 TM 95 99 100 0 100 0 
Haloxyfop 0.14 SA 95 100 100 0 100 0 
Haloxyfop 0.28 TM 98 100 100 0 100 0 
Haloxyfop 0.28 SA 98 100 100 0 100 0 
Fenoxaprop 0.14 TM 89 94 98 2 99 1 
Fenoxaprop 0.14 SA 95 99 100 0 100 0 
Fenoxaprop 0.28 TM 96 99 100 0 100 0 
Fenoxaprop 0.28 SA 96 100 100 0 100 0 
SC 1084 0.14 TM 84 80 95 5 98 2 
SC 1084 0.14 SA 89 94 99 1 99 1 
SC1084 0.28 TM 90 93 99 1 99 1 
SC 1084 0.28 SA 89 95 100 0 100 0 
Quizalofop 0.14 TM 93 99 100 0 100 0 
Quizalofop 0.14 SA 98 100 100 0 100 0 
Quizalofop 0.28 TM 96 100 100 0 100 0 
Quizalofop 0.28 SA 99 100 100 0 100 0 
Control 0** 0** 58** 26** 95** 5** 
TM = tank mixture 
SA = separate application 
Control mean value vs herbicide mean value 
** = highly significant (P<0.01) 
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Table 3.8 Annual grass control ratings and botanical composition following 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1985 (Main effects and interactions). 
Annual grass 
control (DAT) 
Botanical composition 
Harvest 1 Harvest 2 
14 31 Alfalfa Grass Alfalfa Grass 
Herbicides 
Sethoxydim 90bc 91c 97b 3a 99b la 
Fluazifop 91b 97b 100a 0b 100a 0b 
Haloxyfop 96a 100a 100a 0b 100a 0b 
Fenoxaprop 94a 98b 100a 0b 100a 0b 
SC1084 88c 90c 98b 2a 99b la 
Quizalofop 96a 100a 100a 0b 100a 0b 
Rates (kg/ha) 
0.14 91 94 98 2 99 1 
0.28 94 98 100 0 100 0 
L** L** L** L** L** L** 
Methods 
Tank Mixture 92b 94b 98b 2a 99b la 
Separate Application 94 a 97a 100a 0b 100a 0b 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 88 85 95 5 97 3 
Sethoxydim 0.28 93 % 100 0 100 0 
** ** ** ** ** ** 
Fluazifop 0.14 92 % 100 0 100 0 
Fluazifop 0.28 91 97 100 0 100 0 
NS NS NS NS NS NS 
Haloxyfop 0.14 95 99 100 0 100 0 
Haloxyfop 0.28 98 100 100 0 100 0 
NS NS NS NS NS NS 
Fenoxaprop 0.14 92 96 99 1 100 0 
Fenoxaprop 0.28 96 99 100 0 100 0 
* NS NS NS NS NS 
SC 1084 0.14 86 87 97 3 98 2 
SC1084 0.28 89 94 99 1 99 1 
NS ** ** ** ** ** 
Quizalofop 0.14 95 99 100 0 100 0 
Quizalofop 0.28 98 100 100 0 100 0 
NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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14 DAT. The SC 1084 and sethoxydim treatments resulted in similar annual grass control 
at that time, however, the fluazifop treatments resulted in greater annual grass control than 
the SC 1084 treatments. 
The sethoxydim and SC 1084 treatments resulted in lower annual grass control than the 
fluazifop, fenoxaprop, haloxyfop and quizalofop treatments 31 DAT. The fluazifop and 
fenoxaprop treatments resulted in similar annual grass control at that time, however, the 
haloxyfop and quizalofop treatments resulted in greater annual grass control than the 
fluazifop and fenoxaprop treatments. In general, increasing the herbicide rate increased 
annual grass control. Postemergence grass herbicides gave lower control of annual grass 
weeds when applied in tank mixes with 2,4-DB compared to separate applications. 
The interaction between method and rate indicated that increasing the rate of the grass 
herbicide increased annual grass control when applied in tank mixes with 2,4-DB. 
Postemergence grass herbicides when applied in separate applications with 2,4-DB resulted 
in similar annual grass control at both rates of application 14 DAT. Increasing the rate of 
the grass herbicide increased annual grass control for both the separate applications and 
tank mixes with 2,4-DB 31 DAT. Interactions between herbicide and rate, and between 
herbicide and method indicated that the sethoxydim and SC 1084 treatments resulted in 
greater annual grass control when applied at 0.28 kg/ha and in separate applications from 
2,4-DB compared to the tank mix applications of sethoxydim and SC 1084 with 2,4-DB 
applied at 0.14 kg/ha. The other grass herbicide treatments resulted in similar annual grass 
control at both rates and methods of application. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 58% alfalfa, 
26% annual grass weeds and 17% broadleaf weeds (Tables 3.7-3.9). The average 
botanical composition of the herbicide treatments was 99% alfalfa and less than 1% annual 
grass weeds. The alfalfa component of the forage from the herbicide treatments ranged 
between 97 and 100%. Herbicides, rates, methods of application and interactions between 
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herbicide and rate, herbicide and method, and method and rate affected the botanical 
composition of the forage. 
Forage from the sethoxydim and SC 1084 treatments had a lower alfalfa component and 
a greater annual grass component than the other herbicide treatments. In general, 
increasing the rate of the grass herbicide increased the alfalfa component of the forage. 
Forage from the separate applications of the grass herbicides and 2,4-DB had a greater 
alfalfa component compared to the tank mixes. Herbicide rate had no affect on the 
botanical composition of the forage when the grass herbicides and 2,4-DB were separately 
applied. The interaction between method and rate indicated that increasing the rate of the 
grass herbicide increased the alfalfa component of the forage when tank mixed with 
2,4-DB. The interactions between herbicide and rate and herbicide and method indicated 
that only the botanical composition of the forage from the sethoxydim and SC 1084 
treatments was affected by the rate and method of application. The botanical composition 
of the forage was similar for the other herbicide treatments regardless of the rate or method 
of application. 
The botanical composition of the untreated check at the second harvest was 95% alfalfa 
and 5% annual grass weeds. The average botanical composition of herbicide treatments 
was nearly 100% alfalfa with less than 1% of the total forage yields consisting of annual 
grass weeds. Herbicides, rates, methods of application and interactions between herbicide 
and rate affected the botanical composition of the forage. The forage from the sethoxydim 
and SC 1084 treatments had a lower alfalfa component and a greater annual grass 
component compared to the other herbicide treatments. In addition, only the botanical 
composition of the forage from the sethoxydim and SC 1084 treatments continued to be 
affected by herbicides, rates and methods of application. 
Forage Yields 
The sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and quizalofop applied at 
0.14 and 0.28 kg/ha in tank mix and separate applications with 2,4-DB at 1.12 kg/ha 
104 
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Table 3.11 Dry matter yields of annual grasses and alfalfa following postemergence 
applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, SC 1084 and 
quizalofop in 1985 (Main effects and interactions). 
Annual grasses Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Hi mmmm lllllllll (kg/ha) | 
Herbicides 
Sethoxydim 130a 30a 160a 4630 2220 6850 
Fluazifop 10b 0b 10b 4770 2280 7050 
Haloxyfop 0b 0b 0b 4780 2280 7060 
Fenoxaprop 20b 10b 30b 4660 2260 6910 
SC1084 100a 30a 130a 4580 2270 6850 
Quizalofop 0b 0b 0b 4710 2220 6930 
NS NS NS 
Rates (kg/ha) 
80 20 100 4670 2260 6930 
0.23 10 0 10 4700 2250 6950 
** *• ** ** NS NS 
Methods 
Tank Mixture 70a 20a 90a 4540b 2240 6780b 
Separate Application 20b 10b 20b 4830a 2270 
NS 
7100a 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 250 60 310 4450 2230 6680 
Sethoxydim 0.28 10 0 10 4810 2210 7020 
** ** ** NS NS NS 
Fluazifop 0.14 10 10 10 4780 2290 7070 
Fluazifop 0.28 10 0 10 4760 2280 7030 
NS NS NS NS NS NS 
Haloxyfop 0.14 10 0 10 4810 2260 7070 
Haloxyfop 0.28 0 0 0 4740 2300 7040 
NS NS NS NS NS NS 
Fenoxaprop 0.14 40 10 50 4590 2260 6850 
Fenoxaprop 0.28 0 0 10 4730 2260 6980 
NS NS NS NS NS NS 
SC 1084 0.14 160 40 200 4670 2280 6950 
SC 1084 0.28 40 20 50 4480 2270 6750 
** ** ** NS NS NS 
Quizalofop 0.14 10 0 10 4730 2240 6960 
Quizalofop 0.28 0 0 0 4700 2190 6890 
NS NS NS NS NS 
cm 
NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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effectively reduced annual grass and broadleaf weed yields at the first harvest (Tables 3.10- 
3.12). Annual broadleaf weeds were reduced 100% with all herbicide treatments. 
Herbicide treatments reduced average annual grass yields (44 kg/ha) by 97% compared to 
the annual grass yields of the untreated check (1632 kg/ha). 
Herbicides, rates and methods of application (tank mix vs separate application) and 
interactions between method and rate, herbicide and rate, and herbicide and method 
affected first harvest annual grass yields. In general, increasing the rate of the grass 
herbicides increased annual grass control. Separate applications of grass herbicides and 
2,4-DB resulted in lower annual grass yields than the tank mixes. 
The interaction between method and rate indicated that increasing the rate of the grass 
herbicides in the tank mixes reduced annual grass yields. Postemergence grass herbicide 
treatments resulted in similar annual grass yields at both rates of application when 
separately applied from 2,4-DB. Herbicide treatments resulted in similar annual grass 
yields when applied at 0.28 kg/ha when tank mixed with 2,4-DB and at both the 0.14 and 
0.28 kg/ha rates when separately applied from 2,4-DB. 
The sethoxydim and SC 1084 treatments resulted in greater first harvest annual grass 
yields than the other herbicide treatments. The interaction between herbicide and method 
indicated that the sethoxydim and SC 1084 treatments resulted in greater annual grass 
yields when applied in tank mixes with 2,4-DB than when separately applied. The other 
herbicide treatments resulted in similar annual grass yields for both methods of application. 
The sethoxydim and SC 1084 treatments resulted in similar annual grass yields as the other 
herbicide treatments when separately applied from 2,4-DB. The interaction between 
herbicide and rate indicated that increasing the rate of the sethoxydim and SC 1084 
treatments decreased annual grass yields. The other herbicide treatments resulted in similar 
annual grass yields at both rates of application. The sethoxydim and SC 1084 treatments 
applied at 0.28 kg/ha resulted in similar annual grass yields as the other herbicide 
treatments. The interactions between method and rate indicated that postemergence grass 
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herbicides separately applied from 2,4-DB effectively eliminated annual grass weeds when 
applied at both 0.14 and 0.28 kg/ha, however, the 0.28 kg/ha rate of the grass herbicides 
was required to achieve the same degree of weed control when tank mixed with 2,4-DB. 
Herbicide treatments increased average first harvest alfalfa yields (4687 kg/ha) by 29% 
compared to the alfalfa yields of the untreated check (3629 kg/ha). In general, herbicide 
treatments resulted in similar alfalfa yields. The rate of application had no affect on alfalfa 
yields. Separate applications of the grass herbicides and 2,4-DB resulted in greater alfalfa 
yields than when tank mixed. Separate application of the grass herbicides and 2,4-DB 
increased average alfalfa yields by 6% compared to the same treatments when tank mixed. 
Second harvest annual grass regrowth in the control represented only 6% of the total 
seasonal annual grass yield. Herbicides, rates and methods of application and interactions 
between herbicide and rate affected second harvest annual grass yields. Separate herbicide 
applications resulted in lower annual grass yields than the tank mixes. Increasing the 
herbicide rate decreased annual grass yields. The sethoxydim and SC 1084 treatments 
resulted in greater annual grass yields than the other herbicide treatments. The interaction 
between herbicide and rate indicated that only the sethoxydim and SC 1084 treatments 
when applied at 0.14 kg/ha resulted in greater annual grass yields than the other herbicide 
treatments. The other herbicide treatments resulted in similar annual grass yields. 
Herbicide treatments increased average second harvest alfalfa yields (2244 kg/ha) by 
12% compared to the alfalfa yield of the untreated check (2010 kg/ha). All herbicide 
treatments resulted in similar alfalfa yields at the second harvest 
Total seasonal annual grass yields showed the same trends as observed at the time of the 
first harvest This was expected since 95% of the annual grass growth occurred prior to 
the first harvest All treatments resulted in excellent annual grass control, although the 
sethoxydim and SC 1084 treatments resulted in greater annual grass control when applied 
at the 0.28 kg/ha rate particularly when a tank mix with 2,4-DB for broadleaf weed control 
was used. 
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All herbicide treatments resulted in similar total alfalfa yields. The rate of application 
had no affect on alfalfa yields. Separate applications of postemergence grass herbicides 
and 2,4-DB had a positive affect on alfalfa yields compared to tank mixes. Tank mixes of 
grass herbicides and 2,4-DB reduced average total alfalfa yields 5% compared to separate 
applications. 
Foragg Quality 
First Harvest 
Herbicide treatments reduced the average acid detergent fiber (ADF) content of the total 
forage (alfalfa and annual weeds) (36.9%) by 6% compared to the ADF content of the 
forage from the untreated check (39.3%) (Table 3.13). The higher ADF content of the 
untreated check was due to the higher ADF content of the alfalfa (40.1%), and the annual 
grass (37.6%) and the broadleaf weeds (38.8%) present in the untreated check which were 
9,2 and 5% greater than the average ADF content of the total forage from the herbicide 
treatments. The ADF content of the forage decreased as herbicide rate increased. In 
general, the ADF content was similar among herbicides and the methods of application, 
however, the interaction between herbicide and method of application indicated some 
variability in the ADF content of the forage which ranged from 35.6 to 38.2%. 
Herbicide treatments increased the average CP content of the total forage (17.9%) by 
17% compared to the average CP content of the forage from the untreated check (15.3%). 
The presence of the annual grass weeds in the untreated check, in particular, lowered the 
nutritional quality of the forage as measured by the CP content. The CP content of alfalfa 
(17.2%), the annual grass weeds (11.4%) and the annual broadleaf weeds (15.0%) in the 
untreated check were 4, 36 and 16% lower than the average CP content of the forage from 
the herbicide treatments. In general, the average CP content of the total forage from the 
tank mix combinations of the grass herbicides and 2,4-DB was greater than the forage from 
the separate applications. The temporary stunting of alfalfa growth by the tank mix 
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Table 3.13 Forage quality analysis of the total first and second harvest forage following 
postemergence applications of sethoxydim, fluazifop, haloxyfop, fenoxaprop, 
SC 1084 and quizalofop in 1985. 
Harvest 1 Harvest 2 
Herbicide Rate Method ADF CP ADF CP 
Sethoxydim 
(kg/ha) 
0.14 TM 
lillilll (%) 1 
17.6 38.2 20.6 
Sethoxydim 0.14 SA 37.9 18.0 37.9 20.9 
Sethoxydim 0.28 TM 35.7 17.9 38.6 19.9 
Sethoxydim 0.28 SA 36.8 173 39.6 203 
Fluazifop 0.14 TM 38.6 18.6 40.6 203 
Fluazifop 0.14 SA 363 173 403 203 
Fluazifop 0.28 TM 36.2 18.2 41.7 19.9 
Fluazifop 0.28 SA 36.2 17.6 39.0 19.8 
Haloxyfop 0.14 TM 36.9 183 40.2 19.9 
Haloxyfop 0.14 SA 37.2 17.9 38.6 203 
Haloxyfop 0.28 TM 373 17.8 40.9 20.0 
Haloxyfop 0.28 SA 37.9 173 39.1 20.0 
Fenoxaprop 0.14 TM 383 18.1 403 20.4 
Fenoxaprop 0.14 SA 37.6 17.6 403 21.0 
Fenoxaprop 0.28 TM 35.0 183 39.6 20.1 
Fenoxaprop 0.28 SA 37.4 17.8 39.9 20.7 
SCI 084 0.14 TM 383 18.6 40.7 20.9 
SC1084 0.14 SA 36.7 17.0 40.2 203 
SC 1084 0.28 TM 37.8 18.6 40.0 20.4 
SCI 084 0.28 SA 36.4 17.6 40.7 203 
Quizalofop 0.14 TM 36.6 183 383 203 
Quizalofop 0.14 SA 38.0 17.8 41.1 20.6 
Quizalofop 0.28 TM 34.6 18.8 38.8 203 
Quizalofop 0.28 SA 363 17.9 40.1 20.1 
Control (alf + gr + bl) 393** 153** 38.0NS 21.2** 
alf 40.1 17.2 383 213 
gr 37.6 11.4 32.9 15.6 
bl 38.8 15.0 
Herbicides 
Sethoxydim 363 17.8 39.0 20.4 
Fluazifop 36.8 17.9 40.4 20.1 
Haloxyfop 373 17.8 39.7 20.1 
Fenoxaprop 37.1 18.0 40.1 203 
SC1084 37.4 18.0 40.4 203 
Quizalofop 36.4 18.2 39.6 203 
NS NS NS NS 
Rates (kg/ha) 
0.14 373 17.9 39.9 203 
0.28 363 18.0 39.8 20.2 
** NS NS ** 
Methods 
Tank Mixture 36.8 183a 39.8 203 
Separate Application 37.1 17.6b 39.9 20.4 
NS NS NS 
TM = tank mixture; SA = separate application 
Control mean value vs herbicide mean value 
alf, gr, bl = alfalfa, annual grass weeds, annual broadleaf weeds from the control 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance; * = significant (P<0.05); ** = highly significant (P<0.01) 
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combinations may have delayed forage maturity by the time of the first harvest The CP 
content of the total first harvest forage was similar among herbicides and the rate of 
application. 
The neutral detergent fiber (NDF) content of the untreated check was different between 
the annual grass weeds and the alfalfa and annual broadleaf weeds. The NDF content of 
the annual grass weeds in the untreated check (66.8%) was 25% greater than the NDF 
content of the alfalfa of the untreated check (53.5%). The NDF content of the annual 
broadleaf weeds (57.1%) was nearly 7% greater than the NDF content of the alfalfa. Due 
to the large annual grass component of the untreated check, the NDF content of the total 
forage in the untreated check averaged 58% NDF. 
Second Harvest 
The ADF content of the total forage in the untreated check (38.0%) was lower than the 
average ADF content of the total forage from the herbicide treatments (39.9%) 
(Table 3.13). The lower ADF content of the untreated check was due to both the lower 
ADF content of the alfalfa (38.3%) and the annual grass weeds (32.9%) present in the 
untreated check which were 4 and 18% lower than the average ADF content of the forage 
from the herbicide treatments. Although the ADF content of the forage was similar among 
herbicides, rates and methods of application, the interaction between herbicide and method 
indicated some variability in the ADF content of the forage which ranged from 38.4 to 
41.2%. 
The CP content of the annual grass weeds in the untreated check (15.6%) was 27% 
lower than the CP content of the alfalfa in the untreated check (21.5%). Since the annual 
grass weed component comprised only 5% of the total second harvest yield of the untreated 
check, the CP content of the untreated check was not affected by the presence of the annual 
grass weeds. The CP content of the total forage from the untreated check (21.2%) was 4% 
greater than the average CP content of the total forage from the herbicide treatments. The 
higher CP content of the forage from the untreated check was primarily due to the higher 
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CP content of the alfalfa regrowth in the untreated check which was in a less mature stage 
of growth by the time of the second harvest due to earlier annual weed competition. 
Discussion 
All herbicide treatments effectively controlled annual grass and broadleaf weeds. 
Annual weeds comprised between 43 and 54% of the total first harvest forage yields of the 
untreated check. Therefore, annual weed competition must be eliminated prior to the first 
harvest in order to obtain the greatest increase in alfalfa yields during the establishment 
year. Annual weeds had much less effect on alfalfa yields after the first harvest where 
annual weeds only comprised 5% of the total second harvest forage yields in 1985. Other 
studies have also shown that although first harvest alfalfa yields can be increased when 
weeds were controlled (6, 11, 13, 14) in most cases weed control had a major effect on 
only the first harvest (6, 9,12). Herbicide treatments substantially increased alfalfa yields 
for both the first and second harvests in 1984 when a second flourish of crabgrass growth 
occurred after the first harvest. 
Although good to excellent control of annual grass weeds was achieved whether the 
grass herbicides were applied alone or tank mixed with 2,4-DB, several postemergence 
grass herbicide treatments when tank mixed with 2,4-DB, particularly at the 0.14 kg/ha rate 
of the grass herbicide resulted in lower weed control. Increasing the rate of the grass 
herbicide to 0.28 kg/ha resulted in the best weed control in these cases. Other studies have 
also shown that tank mix antagonism could be overcome by increasing the rate of the grass 
herbicide when postemergence grass and broadleaf herbicides were tank mixed (2, 7, 15). 
Temporary alfalfa injury was observed within a few hours after the tank mixes were 
applied during both years. Injury symptoms included wilting of alfalfa plants similar to 
that observed for a 2,4-DB application. A combination of hot temperatures and the 
possibility of increased 2,4-DB translocation in tank mixes with grass herbicides may have 
impeded normal 2,4-DB metabolism in alfalfa. Total alfalfa yields were similar among 
herbicide treatments although alfalfa yields were slightly lower for the tank mixes 
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compared to separate applications. Tank mixed herbicide treatments may not have 
decreased yields if applied under cooler conditions and at an earlier stage of alfalfa 
maturity. The possible economic loss in alfalfa yield from the tank mixes may be offset by 
the savings obtained in reducing the time and the number of trips over the field in order to 
control annual weeds during the year of establishment. 
Although herbicide treatments did not increase total forage yields (alfalfa and weeds) 
compared to the untreated check because weeds were harvested along with the crop, forage 
quality was increased for both years. Similar studies have also shown that although 
removal of weeds may not improve total forage yields, higher alfalfa yields and increased 
forage quality can be obtained (3, 4, 6, 17). 
The presence of the annual grass weeds in the untreated check lowered the forage 
quality of the untreated check as measured by the ADF, NDF and CP content. Broadleaf 
weeds although lower in forage quality than the alfalfa were higher in forage quality than 
the annual grass weeds. The forage quality of broadleaf weeds has been reported to have 
less affect on lowering the forage quality of forage stands compared to grass weeds (10). 
Alfalfa is grown as the primary source of high protein forage for the dairy industry. 
The presence of annual grass weeds at the time of the first harvest lowered the CP content 
of the untreated check. The NDF content of the first harvest alfalfa forage of the untreated 
check ranged from 58 to 59% for both years. The NDF content estimates the plant cell 
wall content and its concentration is inversely related to voluntary dry matter intake (18). 
The intake of dry matter by ruminants is markedly reduced at 55% NDF (18). Maximum 
returns in dairy production occur when dry matter intake is maximized. Since voluntary 
consumption of a forage accounts for nearly 70% of its productive worth (19) the presence 
of annual weeds particularly grasses lowers forage consumption. This occurred whether 
digestibility of the annual grass weeds was equal to or lower than the alfalfa forage as 
measured by the ADF content. 
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Although the annual weeds in new seedings of alfalfa have been controlled mainly by 
preplant incorporated herbicides, a postemergence annual weed control program for forage 
legumes can offer greater flexibility and ease of application in both new and established 
stands of alfalfa. 
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CHAPTER IV 
PREEMERGENCE ANNUAL GRASS CONTROL IN NEW SEEDINGS OF ALFALFA 
WITH SETHOXYDIM, FLUAZIFOP, HALOXYFOP AND QUIZALOFOP 
Abstract 
Sethoxydim (2-[l-(ethoxyimino) butyl[-5-[2-(ethylthio) propyl]-3-hydroxy-2- 
cyclohexen-l-one), fluazifop (2-[4-[5-(trifluromethyl)-2-pyridinyl) oxy] phenoxy] 
propanoic acid), haloxyfop (2-[4-[3-chloro-5-(trifluromethyl)-2-pyridinyl) oxy] phenoxy] 
propanoic acid), and quizalofop (2-[4-[6-chloro-2-[4-[(6-chloro-2-quinoxalinyl) oxy] 
phenoxy] propanoic acid) were applied preemergence at 0.28,0.56 and 0.84 kg ai/ha for 
annual grass weed control in new seedings of alfalfa (Medicago sativa L.) in 1985 and 
1986. The preemergence activity of sethoxydim was lower than the other grass herbicides. 
Herbicide treatments did not increase total alfalfa yields in 1985 due to the relatively low 
large crabgrass iPigitaria sanguinalis (L.) Scop.] and fall panicum (Panicum 
dichotomiflorum Michx.)population prior to the first harvest (15% of the total first harvest 
forage yields in the untreated check). Herbicide treatments increased alfalfa yields in 1986 
where large crabgrass and yellow foxtail fSetaria lutescens (Weigel) F. T. Hubb.] 
comprised nearly 90% of the total first harvest forage in the untreated check. Herbicide 
treatments increased total alfalfa yields in 1986 between 22 and 234%. Sethoxydim 
treatments resulted in lower alfalfa yields than the other herbicides. Haloxyfop treatments 
resulted in greater alfalfa yields than the fluazifop treatments due to greater preemergence 
annual grass weed control. Increasing the herbicide rate generally resulted in a linear 
increase in alfalfa yields. The crude protein (CP) content of the annual grass weeds of the 
untreated check (8.1%) was lower than the CP content of the alfalfa component (16.6%). 
The large differences in the CP content between alfalfa and the annual grass weeds had a 
significant effect on the CP content of the first harvest forage. Herbicide treatments 
increased the average CP content of the total first harvest forage (15.6%) by 76% 
compared to the CP content of the forage from the untreated check (9.0%), although the 
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increase in the CP content of the forage ranged between 10 and 109%. Forage from the 
sethoxydim treatment had a lower CP content at the first harvest than the other herbicide 
treatments due to the greater annual grass weed content in the forage. The average CP 
content of the first harvest forage increased in order of the sethoxydim, fluazifop, 
quizalofop and haloxyfop treatments, respectively. Herbicide treatments increased second 
harvest alfalfa yields despite the reduced annual grass weed competition after the first 
harvest Sethoxydim treatments and the untreated check resulted in lower second harvest 
alfalfa yields than the other herbicide treatments. The CP content for the second harvest 
forage from the sethoxydim treatments and the untreated check was greater than the other 
herbicide treatments due to slower regrowth of the alfalfa forage reducing forage maturity 
by the time of the second harvest Fluazifop, haloxyfop and quizalofop treatments 
provided effective annual grass weed control when applied preemergence, however, the 
rate required to achieve acceptable weed control was much greater than when these 
herbicides are normally applied postemergence. 
Introduction 
Herbicides applied postemergence are not completely intercepted by the plant foliage. 
The amount of herbicide reaching the soil surface during a postemergence application is a 
function of the plant canopy cover (10). Postemergence applications of grass herbicides in 
new seedings of alfalfa are generally made when the crop and weed canopy only partly 
covers the soil surface. Therefore, a large portion of the applied herbicide reaches the soil. 
With the development and use of postemergence grass herbicides for broadleaf crops 
such as alfalfa, soil persistence may also play an important role for effective weed control 
with these herbicides. Annual grass weeds can continue to emerge after earlier germinating 
seedlings have been controlled with an early postemergence application of a grass herbicide 
(2). Under these conditions postemergence herbicides that are also phytotoxic to grass 
weeds when applied to the soil may control weeds that germinate after application and 
prevent reinfestation. Considerable preemergence activity of several postemergence grass 
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herbicides following postemergence application has been found (8). Soil activity has also 
been reported for a number of postemergence grass herbicides applied as preplant 
incorporated and preemergence treatments in both field and greenhouse studies (3, 6,11, 
12,13, 16,19). In most cases these herbicides did not control the grass species tested at 
rates sufficient for postemergence control. Adequate herbicidal activity from soil 
treatments required application rates two to four times higher than required with foliar 
applications. 
Differential phytotoxicity has also been reported for a number of postemergence grass 
herbicides when they were applied to the soil in the field and greenhouse (6,10,11,13, 
16, 19). Soil applications of sethoxydim have been reported relatively less effective for 
weed control than the other grass herbicides (3, 8, 11, 13). The effectiveness of these 
herbicides may be dependent on the grass species present (13, 16,19). 
Although the traditional method of grass control in new alfalfa seedings has been 
dominated by the preplant incorporated materials (9,15,17), the development of new 
grass herbicides that do not require incorporation for activation may allow the planting and 
weed control operation to be conducted simultaneously, thus eliminating an additional 
operation later in the growing season. In addition postemergence grass herbicides with soil 
activity reaching the soil during application may reduce the likelihood of a weed infestation 
following treatment. 
The objectives of the research were to (a) evaluate the effectiveness of sethoxydim, 
fluazifop, haloxyfop and quizalofop as preemergence treatments in conventional seedings 
of alfalfa, and (b) evaluate the effects of these herbicides on the composition, yield and 
quality of the forage during the establishment year. 
Materials and Methods 
Field experiments were conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa 'Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 23, 1985 and on May 9,1986. 
131 
Sethoxydim, fluazifop, haloxyfop and quizalofop were applied preemergence at 0.28, 
0.56 and 0.84 kg ai/ha with a C02-pressurized backpack sprayer in 375 L/ha at 152 kPa, 
using SS8004 flat-fan nozzles. Treatments were applied on May 29,1985 and on 
May 14, 1986. The major annual grass weeds were large crabgrass and fall panicum in 
1985, and large crabgrass and yellow foxtail in 1986. Broadleaf weeds in the experimental 
area [common lambsquarters (Chenopodium album L), redroot pigweed (Amaranthus 
retroflexus L.) and common ragweed (Ambrosia artemisiifolia L.)] were controlled with a 
blanket application of 2,4-DB at 1.12 kg/ha on July 1, 1985 and on June 9, 1986. 
Treatments were arranged in a randomized complete block design with four replications. 
Plot size was 1.5 by 6.0 m. Annual grass weed control was rated on a scale of 0 to 100% 
where 0 = no control and 100 = complete control. Ratings were made prior to the first 
harvests for each year on July 15 for the 1985 study, and on May 29, June 17, July 4, and 
August 12 for the 1986 study. Alfalfa was harvested twice on July 23 and September 18 
for the 1985 study, and on August 12 and September 16 for the 1986 study. Dry matter 
yields were determined by harvesting a 1-m. swath through the center of each plot. Border 
effects were eliminated prior to harvest by trimming a strip from each end of the sampling 
area. Green weights of all harvested herbage were taken in the field. Two subsamples 
were taken from each plot for dry matter determination and botanical separation prior to 
disturbing the cut sample. Yields were reported on a 100% dry matter basis. Botanical 
separations of the fresh material into alfalfa and annual grass weeds were performed by 
hand and the components were separately dried and weighed No attempt was made to 
separate annual grass weeds (large crabgrass, fall panicum and yellow foxtail) by species. 
Large crabgrass, fall panicum and yellow foxtail will be referred to as annual grass weeds. 
Data were subjected to a factorial analysis of variance (Tables 4.6-4.15). All data 
except the forage quality of the annual grass weeds were analyzed as a randomized 
complete block factorial with treatment effects assigned to herbicides and rates. A single 
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degree of freedom comparison was used to analyze the effects of the untreated control 
versus herbicide treatments. Regression analysis for the rate response and Duncan's 
multiple range test (P 0.05) for the herbicide response were used to discuss means where 
appropriate. 
Botanical separation samples were saved for forage quality analysis in 1986. The 
alfalfa and grass components were separately analyzed for analytical moisture, acid 
detergent fiber and total protein. Where separation samples for annual grasses were too 
small to prepare a separate analysis from each replication, samples were pooled. A 
statistical analysis of variance for unequal numbers was conducted for grass samples where 
appropriate. Forage quality data was reported on a 100% dry matter basis. Analysis of 
forage samples was determined by the Association of Official Analytical Chemists 
Methods (1). Average forage quality for each analysis was then determined by calculation 
of the yield and quality contribution of both the alfalfa and grass component of each 
harvest. 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (21). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Total protein was determined by the Kjeldahl procedure. Crude 
protein was calculated by multiplying total nitrogen x 6.25. 
Results 
1985 Experiment 
Annual Grass Weed Control 
Sethoxydim applied preemergence gave lower control of large crabgrass and fall 
panicum than the other herbicide treatments 47 days after application (Table 4.1). 
Although weed control improved as the rate of sethoxydim increased, the degree of control 
was unacceptable at all rates of application. Fluazifop, haloxyfop and quizalofop applied 
preemergence at 0.28, 0.56 and 0.84 kg ai/ha gave excellent control of large crabgrass and 
fall panicum at all rates. 
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Table 4.1 Weed control ratings and botanical composition following preemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop in 1985. 
Botanical composition 
Harvest 1 Harvest 2 
Weed control Annual Annual 
Herbicide Rate Time 47 DAT Alfalfa grasses Alfalfa grasses 
(kg/ha) (%) 
Sethoxydim 0.28 Pre 23 94 6 72 28 
Sethoxydim 056 Pre 44 97 3 86 14 
Sethoxydim 0.84 Pre 73 99 1 91 9 
L** L** L* * L* L** 
Fluazifop 0.28 Pre 98 100 0 100 0 
Fluazifop 0.56 Pre 100 100 0 100 0 
Fluazifop 0.84 Pre 100 100 0 100 0 
NS NS NS NS NS 
Haloxyfop 0.28 Pre 100 100 0 100 0 
Haloxyfop 0.56 Pre 100 100 0 100 0 
Haloxyfop 0.84 Pre 100 100 0 100 0 
NS NS NS NS NS 
Quizalofop 0.28 Pre 96 100 0 100 0 
Quizalofop 0.56 Pre 99 100 0 100 0 
Quizalofop 0.84 Pre 100 100 0 100 0 
NS NS NS NS NS 
Control 0** 86** 14** 64** 36** 
Herbicides 
Sethoxydim 46b 97b 3a 83b 17a 
Fluazifop 99a 100a 0b 100a 0b 
Haloxyfop 100a 100a 0b 100a 0b 
Quizalofop 
r 
98a 100a 0b 100a 0b 
Rates (kg/ha) 
0.28 79 98 2 93 7 
0.56 86 99 1 96 4 
0.84 93 100 0 98 2 
NS NS NS NS NS 
Means within columns with common letters are not significantly different 
at the 5% level using Duncan's multiple range test. 
Pre = preemergence; L = linear 
Control mean value vs herbicide mean value 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (PcO.Ol) 
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Botanical composition 
The first flush of annual grass weeds in the new seeding were lost due to a delay in 
seedbed preparation. The botanical composition of the untreated check was 86% alfalfa 
and 14% annual grass weeds (Table 4.1). The average botanical composition of the 
herbicide treatments at the first harvest was 99% alfalfa and 1% annual grass weeds. 
Forage from the sethoxydim treatments applied preemergence had a lower alfalfa 
component and a greater annual grass weed component than the other herbicide treatments. 
In general, the botanical composition of the forage did not change as herbicide rate 
increased. The interaction between herbicide and rate indicated that increasing the rate of 
sethoxydim increased the alfalfa component and reduced the annual grass weed component 
of the first harvest forage showing a linear response. 
Extensive leafhopper fEmpoasea fabael damage after the first harvest caused severe 
injury to the new alfalfa stand which opened the canopy allowing a flush of crabgrass 
growth. The botanical composition of the untreated check at the second harvest was 64% 
alfalfa and 36% annual grass weeds. The average botanical composition of the herbicide 
treatments was 96% alfalfa and 4% annual grass weeds indicating the importance of 
residual weed control with soil applied herbicides. The botanical composition of the 
second harvest forage was different among herbicide treatments. Forage from the 
sethoxydim treatments had a lower alfalfa component and a greater annual grass weed 
component than the other herbicide treatments. The alfalfa component of the forage 
increased and the annual grass weed component decreased as the rate of sethoxydim 
increased. 
Forage yields 
Sethoxydim, fluazifop, haloxyfop and quizalofop applied preemergence reduced 
average first harvest annual grass yields (33 kg/ha) by 94% compared to the annual grass 
yields of the untreated check (532 kg/ha) (Table 4.2). Sethoxydim applied preemergence 
resulted in greater first harvest annual grass yields than the other herbicide treatments. A 
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Table 4.2 Dry matter yields of annual grasses and alfalfa following preemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop in 1985. 
Dry matter yields 
Annual grasses Alfalfa 
Herbicide Rate Time Harvest 1 Harvest 2 Total harvest 1 Harvest 2 Total 
(kg/ha) | (kg/ha) 
Sethoxydim 0.28 Pre 230 560 790 3520 1220 4740 
Sethoxydim 0.56 Pre 120 170 290 3640 1250 4890 
Sethoxydim 0.84 Pre 40 200 240 3620 1560 5180 
L** L* * L** NS NS NS 
Fluazifop 0.28 Pre 10 0 10 3540 1620 5160 
Fluazifop 0.56 Pre 0 10 10 3620 1270 4890 
Fluazifop 0.84 Pre 0 0 0 3760 1520 5290 
NS NS NS NS NS NS 
Haloxyfop 0.28 Pre 0 0 0 3370 1390 4760 
Haloxyfop 0.56 Pre 0 0 0 3450 1850 5300 
Haloxyfop 0.84 Pre 0 0 0 3710 1490 5200 
NS NS NS L* NS NS 
Quizalofop 0.28 Pre 0 0 0 3900 1610 5500 
Quizalofop 0.56 Pre 0 0 0 3670 1500 5160 
Quizalofop 0.84 Pre 0 0 0 3690 1710 5400 
NS NS NS NS NS NS 
Control 530** 940** 1470** 3290** 1550NS 4830NS 
Herbicides 
Sethoxydim 130a 310a 440a 3590ab 1340 4940 
Fluazifop 0b 0b 0b 3640ab 1470 5110 
Haloxyfop 0b 0b 0b 3510b 1580 5090 
Quizalofop 0b 0b 0b 3750a 1600 5360 
NS NS 
Rates (kg/ha) 
0.28 60 140 200 3580 1460 5040 
0.56 30 50 80 3590 1470 5060 
0.84 10 50 60 3700 1570 5270 
L* NS NS NS NS NS 
Means within columns with common letters are not significantly 
different at the 5% level using Duncan's multiple range test 
Pre = preemergence 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (PcO.Ol) 
L = linear 
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linear decrease in annual grass yields occurred as the rate of sethoxydim increased. 
Fluazifop, haloxyfop and quizalofop treatments gave 100% control of annual grass weeds 
at the 0.28, 0.56 and 0.84 kg/ha rates. 
Despite the low weed competition at the first harvest (annual grass weeds comprised 
less than 15% of the total first harvest forage yields of the untreated check), herbicide 
treatments increased average alfalfa yields (3623 kg/ha) by 10% compared to the alfalfa 
yield of the untreated check (3286 kg/ha). Differences in alfalfa yield among herbicides 
were attributed more to stand establishment than weed control. 
Leafhopper damage after the first harvest severely injured alfalfa regrowth. Herbicide 
treatments gave residual control of annual grass weeds after the first harvest. Herbicide 
treatments reduced average second harvest annual grass yields (79 kg/ha) by 92% 
compared to the annual grass yield of the untreated check (941 kg/ha). Although the 
annual grass yields decreased as the rate of sethoxydim increased, the sethoxydim 
treatments resulted in greater annual grass yields at the second harvest than the other 
herbicide treatments. Herbicide treatments had no affect on the second harvest alfalfa 
yields due to extensive leafhopper damage. 
Sethoxydim treatments resulted in greater total seasonal annual grass yields than the 
other herbicide treatments. Herbicide treatments had no affect on total seasonal alfalfa 
S' \ 
yields due to the relatively low weed population at the first harvest in addition to the severe 
leafhopper injury to alfalfa regrowth at the second harvest. 
1986 Experiment 
Annual Grass Weed Control 
Sethoxydim applied preemergence consistently gave lower control of large crabgrass 
and yellow foxtail 15, 34, 51 and 90 days after treatments (DAT) compared to the other 
herbicide treatment. (Table 4.3). Control of large crabgrass and yellow foxtail with 
sethoxydim applied preemergence diminished as the season progressed. Large crabgrass 
and yellow foxtail control increased (15 DAT) as the rate of sethoxydim increased. The 
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increased weed control showed either a linear or quadratic response as the season 
progressed. Sethoxydim treatments gave unacceptable control of large crabgrass and 
yellow foxtail (18 to 31%) at all rates by 90 DAT. Annual grass control did not improve 
(90 DAT) as the rate of sethoxydim increased. 
In general, large crabgrass and yellow foxtail control increased as the rate of the other 
herbicides increased. The rate response followed either a linear or quadratic trend as the 
season progressed. Increasing the herbicide rate from 0.28 to 0.56 kg/ha resulted in the 
maximum increase in weed control. Fluazifop, haloxyfop and quizalofop treatments 
resulted in similar control of large crabgrass and yellow foxtail. The interaction between 
herbicide and rate indicated that annual grass control only increased for the fluazifop 
treatments as herbicide rate increased by 90 DAT. Fluazifop applied at 0.28 kg/ha resulted 
in reduced weed control as the season progressed. 
Botanical COmppsitipn 
The botanical composition of the untreated check at the first harvest was 11% alfalfa and 
89% annual grass weeds (Table 4.3). The average botanical composition of the herbicide 
treatments was 70% alfalfa and 29% annual grass weeds with less than 1% broadleaf 
weeds. Herbicide treatment and rate affected the botanical composition of the forage at the 
first harvest 
First harvest forage from the sethoxydim treatments had the greatest annual grass weed 
component and the lowest alfalfa component compared to the other herbicide treatments. 
Forage from the fluazifop treatments had a higher annual grass weed component than the 
haloxyfop and quizalofop treatments. Forage from the haloxyfop treatments had a greater 
alfalfa component than the fluazifop and quizalofop treatments. The alfalfa component of 
the forage was similar between the fluazifop and quizalofop treatments. In general, the 
alfalfa component of the forage increased and the annual grass weed component decreased 
as the herbicide rate increased. The rate response was significant to the quadratic 
regression level. The botanical composition of the sethoxydim and haloxyfop treatments 
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remained unchanged as the herbicide rate increased. The interaction between herbicide and 
rate indicated that there was a linear increase in the alfalfa component of the forage as the 
rate of fluazifop and quizalofop increased. The annual grass weed component of the forage 
from the fluazifop and haloxyfop treatments decreased as the herbicide rate increased. The 
decrease in the annual grass weed component of the forage followed a linear and quadratic 
response as the rate of fluazifop and quizalofop increased respectively. 
Little if any annual grass weeds were present by the time of the second harvest (1-2% of 
the total forage yields). The botanical composition of the untreated check was 99% alfalfa 
and 1% annual grass weeds. Herbicide treatments had no affect on the botanical 
composition of the forage at the second harvest Forage from the sethoxydim treatments 
had the highest annual grass weed component and the lowest alfalfa component compared 
to the other herbicide treatments. The botanical composition of the forage was similar 
between the fluazifop, haloxyfop and quizalofop treatments. 
Forage yields 
Sethoxydim, fluazifop, haloxyfop and quizalofop applied preemergence reduced 
average first harvest annual grass yields (large crabgrass and yellow foxtail) (1775 kg/ha) 
by 73% compared to the annual grass yields of the control (6594 kg/ha) (Table 4.4). 
Herbicide treatments reduced annual grass yield between 16% to 100% compared to the 
-A 
untreated check depending on herbicide treatment 
Sethoxydim treatments resulted in greater first harvest annual grass yields than the other 
herbicide treatments. Fluazifop treatments resulted in greater annual grass yields than the 
haloxyfop treatments. Annual grass yields were similar between the fluazifop and 
quizalofop treatments and between the quizalofop and haloxyfop treatments. 
Annual grass yields were affected by herbicide rate. In general, average annual grass 
yields showed a linear decrease as the herbicide rate increased. Regression analysis of 
each herbicide indicated that the rate of application had a greater affect on the annual grass 
yields of the fluazifop and quizalofop treatments than the haloxyfop or sethoxydim 
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Table 4.4 Dry matter yields of annual grasses and alfalfa following preemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop in 1986. 
Dry matter yields 
Annual grasses Alfalfa 
Herbicide Rate Time Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
(kg/ha) 
20 
(kg/ha) 
Sethoxydim 0.28 Pre 5530 5560 1080 1150 2230 
Sethoxydim 0.56 Pre 5210 10 5210 1450 1290 2740 
Sethoxydim 0.84 Pre 4040 10 4050 1820 1390 3200 
NS NS NS NS NS NS 
Fluazifop 0.28 Pre 3130 10 3130 2620 1520 4150 
Fluazifop 0.56 Pre 610 0 610 3880 1800 5680 
Fluazifop 0.84 Pre 140 0 140 4110 1900 6010 
L** NS L** L* L* L** 
Haloxyfop 0.28 Pre 420 0 420 4130 1830 5960 
Haloxyfop 0.56 Pre 50 0 60 4240 1850 6090 
Haloxyfop 0.84 Pre 0 0 0 4070 2000 6060 
NS NS NS NS NS NS 
Quizalofop 0.28 Pre 2040 0 2040 3700 1880 5580 
Quizalofop 0.56 Pre 90 0 90 3790 1840 5630 
Quizalofop 0.84 Pre 50 0 50 3980 1970 5950 
L** NS L** NS NS NS 
Control 6590** IONS 6600** 770** 1060** 1830** 
Herbicides 
Sethoxydim 4930a 10a 4940a 1450c 1280b 2720c 
Fluazifop 1290b 0b 1290b 3540b 1740a 5280b 
Haloxyfop 160c 0b 160c 4140a 1890a 6040a 
Quizalofop 730bc 0b 730bc 3820ab 1900a 5720ab 
Rates (kg/ha) 
0.28 2780 10 2790 2880 1600 4480 
0.56 1490 0 1490 3340 1700 5040 
0.84 1060 0 1060 3490 1810 5300 
L** NS L** L** L** L** 
Means within columns with common letters are not significantly different 
at the 5% level using Duncan's multiple range test. 
Pre = preemergence 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
L = linear 
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treatments. Sethoxydim showed limited preemergence activity resulting in similar annual 
grass yields at the first harvest at all rates of application. Haloxyfop effectively reduced 
annual grass yields. In general, increasing the herbicide rate from 0.28 to 0.56 kg/ha 
resulted in the maximum reduction in annual grass yields for all herbicides except 
sethoxydim. 
Herbicide treatments increased average first harvest alfalfa yields (3237 kg/ha) by 320% 
compared to the alfalfa yield of the untreated check (769 kg/ha). Preemergence 
applications of sethoxydim, fluazifop, quizalofop and haloxyfop at the 0.28,0.56 and 0.84 
kg/ha increased average alfalfa yields between 40 and 450%. 
Sethoxydim treatments resulted in lower first harvest alfalfa yields than the other 
herbicide treatments due to the severe annual grass competition (68-84% of the total first 
harvest forage yields). Haloxyfop treatments resulted in greater alfalfa yields than the 
fluazifop treatments. Quizalofop and fluazifop treatments resulted in similar alfalfa yields. 
In general, alfalfa yields showed a linear increase as herbicide rate increased with the alfalfa 
yield response from the fluazifop treatments being most affected by herbicide rate. 
Little if any annual grass weeds were present at the time of the second harvest (1-2% of 
the total forage yields). Sethoxydim treatments resulted in greater annual grass regrowth 
than the other herbicide treatments. 
Herbicide treatments increased average second harvest alfalfa yields (1702 kg/ha) by 
61% compared to the alfalfa yield of the untreated check (1057 kg/ha), although little if any 
annual grass weed growth occurred after the first harvest Herbicide treatments increased 
average alfalfa yields between 9 and 90% depending on the annual grass control prior to 
the first harvest 
Sethoxydim treatments resulted in lower alfalfa yields than the other herbicide 
treatments due to the limited preemergence activity. Fluazifop, haloxyfop and quizalofop 
treatments resulted in similar alfalfa yields at the second harvest In general, alfalfa yields 
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showed a linear increase as the herbicide rate increased. Alfalfa yields from the fluazifop 
treatments were most affected by the herbicide rate. 
Herbicide treatments increased average total seasonal alfalfa yields between 22 and 
234% compared to the total alfalfa yields harvested from the untreated check. The 
significant increase in alfalfa yields can be attributed to the annual grass weed control 
obtained from preemergence applications of sethoxydim, fluazifop, quizalofop and 
haloxyfop. 
In general, average total seasonal alfalfa yields showed a linear increase as the herbicide 
rate increased. Total alfalfa yields from the fluazifop treatments were most affected by 
herbicide rate. In contrast, the annual grass yields showed a linear decrease as the 
herbicide rate increased. Regression analysis of each herbicide showed that the yield 
response was similar to that observed for each herbicide at the first harvest. While some 
preemergence control of annual grass weeds was obtained with all herbicides, sethoxydim 
treatments resulted in greater total annual grass yields than the other herbicide treatments. 
The reduced preemergence activity of sethoxydim resulted in lower total seasonal alfalfa 
yields compared to the other herbicide treatments. Haloxyfop treatments resulted in lower 
total seasonal annual grass yields and greater total seasonal alfalfa yields than the fluazifop 
treatments. Annual grass and alfalfa yields were similar between the quizalofop and 
haloxyfop treatments and between the quizalofop and fluazifop treatments. 
Forage Quality 
First Harvest 
The average acid detergent fiber (ADF) content of alfalfa (alfalfa component) from the 
herbicide treatments was not different from the ADF content of alfalfa from the untreated 
check (Table 4.5). The average ADF content of alfalfa decreased as the herbicide rate 
increased. The change in the ADF content followed a quadratic regression response. In 
general, the average ADF content of alfalfa was greater when herbicides were applied at 
0.28 kg/ha compared to the 0.56 and 0.84 kg/ha rates due to the greater alfalfa leaf loss 
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Table 4.5 Forage quality analysis following preemergence applications of sethoxydim, 
fluazifop, haloxyfop and quizalofop in 1986. 
Harvest 1 Harvest 2 
Annual 
Alfalfa_grasses_Forage_Alfalfa_Forage 
Herbicide Rate Time ADF CP ADF CP ADF CP ADF CP ADF CP 
(kg/ha) illl vm. vXvXv/X^Xv.vl; XvXv/XvXvi'X’X’l 
Sethoxydim 0.28 Pre 46.1 17.9 44.8 8.4 45.1 9.9 28.7 27.6 28.7 27.4 
Sethoxydim 0.56 Pre 47.2 17.4 43.0 10.4 43.9 11.9 28.6 28.2 28.7 283 
Sethoxydim 0.84 Pre 46.8 183 433 83 44.6 11.6 27.7 27.9 27.7 27.8 
NS NS NS Q** NS NS NS NS NS NS 
Fluazifop 0.28 Pre 48.3 17.6 42.1 10.1 453 13.4 29.9 27.4 29.9 273 
Fluazifop 0.56 Pre 46.0 18.8 39.9 11.7 453 17.8 303 26.0 30.2 26.0 
Fluazifop 0.84 Pre 46.2 183 34.1 15.9 45.9 18.2 29.6 26.3 29.6 263 
NS NS L** L** NS Q* * NS NS NS NS 
Haloxyfop 0.28 Pre 47.0 18.6 37.6 13.6 46.1 18.1 30.0 26.6 30.0 26.6 
Haloxyfop 0.56 Pre 44.3 18.8 443 18.8 29.1 26.0 29.1 26.0 
Haloxyfop 0.84 Pre 46.3 18.4 463 18.4 29.8 25.6 29.8 25.6 
NS NS NS NS NS NS NS NS 
Quizalofop 0.28 Pre 48.8 17.7 433 9.4 47.2 14.9 29.8 26.4 29.8 26.4 
Quizalofop 0.56 Pre 45.2 18.4 45.2 18.4 30.6 26.3 30.6 263 
Quizalofop 0.84 Pre 45.7 18.7 45.6 18.7 31.7 25.3 31.7 253 
L* NS NS L** NS NS NS NS 
Control 46.1 16.6 44.2 8.1 443 9.0 28.0 28.9 28.1 28.8 
NS ** ** ** NS ** ** ** * ** 
Herbicides 
Sethoxydim 46.7 17.9 43.7a 9.1b 443 11.1c 28.3c 27.9a 28.4c 27.8a 
Fluazifop 46.8 18.2 38.7b 12.5a 453 16.5b 29.9ab 26.5b 29.9ab 26.5b 
Haloxyfop 45.9 18.6 45.6 18.4a 29.6b 26.1b 29.6b 26.1b 
Quizalofop 46.5 183 46.0 173ab 30.7a 26.0b 30.7a 26.0b 
NS NS NS 
Rates (kg/ha) 
0.28 47.5 17.9 43.4 93 46.0 14.1 29.6 27.0 29.6 26.9 
0.56 45.7 18.4 413 11.0 44.6 16.7 29.6 26.6 29.6 26.6 
0.84 46.2 18.4 38.8 12.2 45.6 16.7 29.7 26.2 29.7 263 
NS NS L** L** Q* Q** NS NS NS NS 
Means within columns with common letters are not significantly different 
at the 5% level using Duncan's multiple range test. 
Control mean value vs herbicide mean value 
Pre = preemergence; L = linear, Q = quadratic 
NS = no significance 
* = significant (P<0.05); ** = highly significant (P<0.01) 
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from treatments which were subject to infestation by large crabgrass and yellow foxtail. 
The ADF content of alfalfa at the 0.56 and 0.84 kg/ha rates were affected by both the level 
of the annual grass competition and the increased maturity of alfalfa in the absence of 
competition. 
The ADF content of the annual grass weeds in the untreated check was greater than the 
average ADF content of the annual grass weeds from the herbicide treatments. Herbicide 
treatments decreased the average ADF content of the annual grass weeds (41.0%) by 7% 
compared to the average ADF content of the annual grass weeds in the untreated check 
(44.2%). Herbicide treatments decreased the average ADF content of the annual grass 
weeds between 0 and 23% compared to ADF content of the annual grass weeds of the 
untreated check. 
Since the haloxyfop and quizalofop treatments effectively controlled large crabgrass and 
yellow foxtail at the 0.56 and 0.84 kg/ha rates, the only comparison between these two 
herbicide treatments was at the 0.28 kg/ha application rate. Haloxyfop applied at 
0.28 kg/ha was more effective in reducing the annual grass growth compared to 
quizalofop at the same rate as evidenced by the lower ADF content of the annual grass 
weeds from the haloxyfop treatments. 
The ADF content of the annual grass weeds from the sethoxydim treatments was greater 
than the ADF content of the annual grass weeds from the fluazifop treatments. The ADF 
content of the annual grass weeds from the sethoxydim and fluazifop treatments were 
affected by herbicide rate. The ADF content of the annual grass weeds showed a linear 
decrease as herbicide rate increased. The interaction between herbicide and rate indicated 
that the rate response was primarily due to the change in the ADF content of the annual 
grass weeds from the fluazifop treatments. The ADF content of the annual grass weeds 
from the sethoxydim treatments was similar at all rates of application. 
The average ADF content of the total forage (alfalfa and annual grass weeds) was not 
different between the herbicide treatments and the untreated check. The average ADF 
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content of the forage decreased as herbicide rate increased The change in the ADF content 
of the forage followed a quadratic response. 
The crude protein (CP) content of alfalfa was similar among herbicide treatments. The 
CP content of alfalfa in the untreated check, however, was lower than the average CP 
content of alfalfa from the herbicide treatments. Herbicide treatments increased the average 
CP content of alfalfa (18.2%) by 10% compared to the CP content of alfalfa from the 
untreated check (16.6%), although the increase in the CP content of alfalfa ranged between 
5 and 13%. The lower CP content of alfalfa from the untreated check can be attributed to 
alfalfa leaf loss due to the competitive effects of the large crabgrass and yellow foxtail 
infestation. 
The CP content of the annual grass weeds in the untreated check was lower than the 
average CP content of the annual grass weeds from the herbicide treatments. Herbicide 
treatments increased the average CP content of the annual grass weeds (11.0%) 36% 
compared to the CP content of annual grass weeds from the untreated check (8.1%) 
although the increase in the CP content of the annual grass weeds ranged between 4 and 
96%. 
Haloxyfop applied at 0.28 kg/ha was more effective in reducing the annual grass weed 
growth than quizalofop applied at 0.28 kg/ha as evidenced by the higher CP levels of the 
annual grass weeds from the haloxyfop treatments. The average CP content of the annual 
grass weeds from the sethoxydim treatments was lower than the average CP content of the 
annual grass weeds from the fluazifop treatments. The CP content of the annual grass 
weeds from the sethoxydim and fluazifop treatments showed a linear increase as herbicide 
rate increased. The interaction between herbicide and rate indicated that the rate response 
was primarily due to the change in the CP content of the annual grass weeds from the 
fluazifop treatments. The CP content of the annual grass weeds from the sethoxydim 
treatments was similar at all rates of application. 
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The CP content of alfalfa from the untreated check (16.6%) was nearly 105% greater 
than the CP content of the annual grass weeds (8.1%) from the untreated check. The large 
difference in the CP content between alfalfa and the annual grass weeds had a significant 
effect on the average CP content of the total forage (alfalfa and annual grass weeds). 
Herbicide treatments increased the average CP content of the forage (15.8%) by 76% 
compared to the CP content of the total forage from the untreated check (9.0%) although 
the increase in the CP content of the total forage ranged between 10 and 109%. 
Herbicide treatment and the rate of application affected the CP content of the total 
forage. The average CP content of the total forage from the sethoxydim treatments was 
lower than the other herbicide treatments. This was due to the weak preemergence activity 
of sethoxydim which resulted in a higher annual grass weed component in the forage. The 
CP content of the forage was similar between the fluazifop and quizalofop treatments and 
between the quizalofop and haloxyfop treatments. The total forage from the haloxyfop 
treatments had a higher CP content than the forage from the fluazifop treatments due to the 
greater control of annual grass weeds obtained with the haloxyfop treatments. In general, 
the CP content of the total forage increased as herbicide rate increased. The increase in the 
CP content of the forage followed a quadratic response. The CP content of the total forage 
was similar between the 0.56 and 0.84 kg/ha rates for each herbicide with the exception of 
the haloxyfop treatments. Haloxyfop applied at 0.28 kg/ha effectively controlled the 
annual grass weeds which resulted in similar CP content for the total forage at all 
application rates. 
Second Harvest 
Little if any regrowth of annual grass weeds occurred after the first harvest. A pooled 
sample of the annual grass weeds showed the ADF content was 31.3% and the CP content 
was 21.1%. While the forage quality of the annual grass weeds remained inferior to that of 
alfalfa, the overall forage quality was not affected due to the absence of significant weed 
growth by the time of the second harvest 
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The ADF content of the total forage from the untreated check (28.1%) was lower than 
the average ADF content of the forage from the herbicide treatments (29.6%). The CP 
content of the forage from the untreated check (28.8%) was greater than the average CP 
content of the forage from the herbicide treatments (26.6%). Forage from the sethoxydim 
treatments had a lower ADF and a higher CP content than the other herbicide treatments. 
The higher quality forage for the alfalfa regrowth for the untreated check and sethoxydim 
treatments can be attributed to slower regrowth due to competition of annual grass weeds 
earlier in the season. The slower regrowth of the alfalfa forage in these treatments kept the 
forage in a lower stage of maturity by the time of the second harvest. 
Discussion 
Fluazifop, haloxyfop and quizalofop applied preemergence at 0.28, 0.56 and 0.84 
kg/ha effectively controlled large crabgrass, fall panicum and yellow foxtail. Soil 
applications of sethoxydim were less effective as reported in other studies (3, 6,11, 13). 
The rate required to achieve acceptable weed control was much greater than when these 
herbicides are normally applied postemergence. The herbicidal activity of these materials 
applied to the soil, however, could be an indication of the residual weed control that could 
be obtained with these herbicides when contact with the plant foliage does not occur during 
postemergence herbicide applications. 
Herbicide treatments eliminated annual grass weeds resulting in increased alfalfa yields 
and improved forage quality. In 1986, the greatest increase in alfalfa yield due to weed 
control occurred during the first harvest where large crabgrass and yellow foxtail 
comprised nearly 90% of the total first harvest forage yields in the untreated check. 
Several herbicide treatments increased alfalfa yields 450% and 90% at the first and second 
harvest respectively compared to the alfalfa yields of the untreated check. The alfalfa yield 
increase at the second harvest showed the residual benefits obtained from the earlier annual 
grass weed control. Other studies have also shown weed control in alfalfa resulted in 
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positive increases in first harvest alfalfa yields (9,17, 21) with the major impact of weed 
control reflected at the first harvest (9, 15). 
Removal of the annual grass weeds from the newly seeded alfalfa did not improve total 
forage yields (alfalfa and weeds) because weeds are harvested along with the crop, but 
resulted in increasing the forage quality as measured by the CP content. Some herbicide 
treatments in 1986 increased the CP content of the first harvest forage 109% compared to 
the CP content of the forage in the untreated check. The CP content of the forage increased 
as the percentage of the annual grass weeds in the forage decreased. Other studies have 
also shown increases in forage quality due to weed control without increasing total forage 
yields (5, 7, 9, 14, 20). Since alfalfa is grown as the primary source of high protein 
forage for the dairy industry, an infestation of annual grass weeds such as large crabgrass, 
fall panicum and yellow foxtail can lower the forage quality, reduce milk production and 
increase production costs. 
These new herbicides may offer greater flexibility and ease of application for weed 
control in new seedings of alfalfa. The use of herbicides that does not require 
incorporation for activation for either conventional seedings where effective incorporation 
is not feasible or to control grassy weeds in no-tillage seedings would greatly increase the 
success of alfalfa establishment over a wide range of land sites. 
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Table 4.14 Analysis of variance for forage quality of the first harvest annual grass weeds 
following preemergence applications of sethoxydim, fluazifop, haloxyfop and 
quizalofop in 1986. 
Source of 
variation 
ADF CP 
df MS F MS F 
Treatments (Trts) 8 17.35 7.50** 10.38 7.34** 
Control (Q vs other 
treatments 1 31.32 13.56** 27.15 19.12** 
Haloxyfop & 
Quizalofop vs rest 1 1.50 0.68NS 1.05 0.89NS 
Haloxyfop vs 
Quizalofop 1 26.20 11.92** 14.11 11.90** 
Sethoxydim vs 
Fluazifop (H) 1 75.85 53.34** 35.04 35.99** 
Rates (R) 2 25.27 17.77** 11.11 11.41** 
Linear 1 50.20 35.30** 21.98 22.58** 
Quadratic 1 0.34 0.24NS 0.24 0.25NS 
HxR 2 13.55 9.53** 10.79 11.08** 
Error a (w) 18 2.31 1.42 
Error b (w) 15 2.20 1.19 
Error c (w) 12 1.42 0.97 
Error a- Trts, Control vs Trts (+C) 
Error b- haloxyfop and quizalofop vs others, haloxyfop vs quizalofop (-C) 
Error c- H, R, H x R (-C, - haloxyfop and quizalofop) 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
w = within sum of squares 
158 
T
ab
le
 4
.1
5
 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
fo
ra
ge
 q
u
al
it
y
 o
f 
th
e 
se
co
nd
 h
ar
ve
st
 a
lf
al
fa
 a
nd
 t
ot
al
 
se
co
nd
 h
ar
v
es
t 
fo
ra
g
e 
fo
ll
o
w
in
g
 p
re
em
er
g
en
ce
 a
p
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
nd
 q
u
iz
al
o
fo
p
 i
n 
19
86
. 
Ml 
C3 u O 
PU 
.C3 
jt Jt, Jg. CO CO CO CO 
* * * z Z Z Z 
PU Tf oo r- o\ r- CN Ov oo VO CO o On 
CO wo vd CO d d 
1—* 
cu 
U 
r- VO CN oo f-H O CO ^H 
00 CO O CO o q O rH CN 
s cn tT oo oo CN o r-H rH —-1 
CO CO CO CO * 
* •*. 
♦ 
* Z Z Z Z 
PU wo » 1 
CO wo ^h 
O' CO o o o • VO 
tu 
CO vO oo d o o 
Q 
< 
o CO CO vO r- CO 
00 oo VO rt q o o o CO 
£ d rr d d d o CN rH 1—<’ 
’ ^■h 
CO CO CO CO 
* 
* 
* 
* 
♦ 
* Z Z Z Z 
PU 
Tf oo On 
oo vO 8 oo 
• 
d 
• 
r-~ «—I CO o o 
^-H 
cu 
U 
r- CN wo o o Q r- CN 
00 CN Tf r-H CN o q r-H CN 
s cn oo o\ CN d o i—i «—4 i—<* 
rH 
.jf. CO CO CO CO 
* •* * Z Z Z Z 
PU CO CO vO On 
CN vO o O O WO 
u- CO vri OO* o d o 
Q 
< 
oo CO wo o wo oo 1—1 r— CO 
00 q wo o o o 1—1 CO 
s > 'H Tf os 1—* d d d CN ^H ^H 
*”11 
, r-H 
w-l —H CO CN vO 
*o co CN vO CO 
CO CO 
° s v .2 
3 *c o a 
00 > 
D 
-C 
ca 
p 
g, 
Vi 
W 
c 
js £ 8C3 
K 
Vi 
> X pp 
X x 
CJ 
00 
c 
UU 
CtC •k 
Ifa 
*c 
CXO 
c 
rt o 
oo 
v> 
G V) w £/5 o CQ CQ MH SC • H oo *fa 2 c TD •a v~^ ■ O c 00 
o 
fa 
c 
o 
o 
s —• 
03 
O 
• O 
3 u. o 
w 
00 
H 
o3 
S3 o 
.S 
a3 
•Q 
c3 
3 
PtC 
X 
cd 
u 
§ 
X) 
Ui 
o 
fa 
CT3 
t-> 
O 
fa 
X) 
u. 
O 
fa 
c 
II 
CO 
0D • H 5/5 
II 
2 
ii 
* 
u fa X 04 a X w PJ w PJ z * * 
U 
Vi 
p 
H 
> G 
o 
fa 
c 
o 
c* 
X 
o 
o 
V 
cu 
wo *-> 
o P § 
O o o 
c V c 
^ Cu *-2 
159 
Literature Cited 
1. Association of Official Agricultural Chemists. 1980. Official methods of analysis. 
13th ed. Assoc. Offic. Anal. Chem., Washington, D.C. 
2. Brewster, B. D., A. P. Appleby and R. L. Spinney. 1977. Control of Italian 
ryegrass and wild oats in winter wheat with Hoe-203408. Agron. J. 68:911-913. 
3. Buhler, D. D. and O. C. Burnside. 1984. Herbicidal activity of fluazifop-butyl, 
haloxyfop-methyl and sethoxydim in soil. Weed Sci. 32:824-831. 
4. Cords, H. P. 1973. Weeds and alfalfa hay quality. Weeds 21:400-401. 
5. Cosgrove, D. R. and M. Barret. 1987. Effect of weed control in established alfalfa 
(Medicago sativa) on forage yield and quality. Weed Sci. 35:564-567. 
6. Derr, J. F., T. J. Monaco and T. J. Sheets. 1985. Response of three annual grasses 
to fluazifop. Weed Sci. 33:693-697. 
7. Dutt, T. E., R. G. Harvey, R. S. Fawcett, N. A. Jorgensen, H. J. Larsen and D. A. 
Schlough. 1979. Forage quality and animal performance as influenced by 
quackgrass (Agropvron repen si control in alfalfa (Medicago sativa) with pronamide. 
Weed Sci. 27:127-132. 
8. Ennis, B. G. and R. A. Ashley. 1982. Effectiveness of BAS 9052 OH, diclofop 
and CGA-82725 applied at various stages of growth of crabgrass. Proc. Northeast. 
Weed Sci. Soc. 36:151-153. 
9. Fawcett, R. S. and R. G. Harvey. 1978. Field comparison of seven dinitroaniline 
herbicides for alfalfa (Medicago sativa) seeding establishment. 
Weed Sci. 26:123-127. 
10. Gillespie, G. R. and J. D. Nalewaja. 1986. Postemergence grass control of 
herbicides applied to the soil. Weed Sci. 34:942-947. 
11. Himmelstein, F. J. and R. A. Peters. 1982. Non-incorporated herbicides for large 
crabgrass fPigitaria sanguinalis CL.) Scop]. Abstr. Weed Sci. Soc. Am. 22:36. 
12. Himmelstein, F. J. and R. A. Peters. 1983. Timing of postemergence grass 
herbicides for annual grass control in a new alfalfa seeding. Proc. Northeast. Weed 
Sci. Soc. 37:57-60. 
13. Kells, J. J., W. F. Meggit and D. Penner. 1986. Activity of selective 
postemergence grass herbicides in soil. Weed Sci. 34:62-65. 
14. Leroux, G. D. and R. G. Harvey. 1985. Herbicides for sod seeding establishment 
of alfalfa (Medicago sativa) in quackgrass (Agropvron repens) - infested swards. 
Weed Sci. 33:222-228. 
15. Moline, W. J. and L. R. Robinson. 1971. Effect of herbicides and seeding rates on 
production of alfalfa. Agron. J. 63:614-616. 
160 
16. Norris, R. G. and R. A. Lardelli. 1984. Activity of postemergence grass herbicides 
in the soil. Proc. West. Soc. Weed Sci. 37:226. 
17. Peters, E. J. 1964. Preemergence, preplanting and postemergence herbicides for 
alfalfa and birdsfoot trefoil. Agron. J. 56:415-419. 
18. Pike, D. R. and J. F. Stritzke. 1984. Alfalfa (Medicago satival - cheat (Bromus 
secalinus) competition. Weed Sci. 32:751-756. 
19. Rick, S. K., F. W. Slife and W. L. Banwart 1983. Residual selectivity of selective 
grass herbicides. Proc. Northcent. Weed Cont. Conf. 39:24-25. 
20. Temme, D. G., R. G. Harvey, R. S. Fawcett and A. W. Young. 1979. Effects of 
annual weed control on alfalfa forage quality. Agron. J. 71:51-54. 
21. Van Soest, P. J. 1982. Nutritional Ecology of the Ruminant. O and B. Books, 
Comvallis, OR. 
161 
CHAPTER V 
INTERSPECIFIC COMPETITION BETWEEN ALFALFA AND 
ANNUAL GRASS WEEDS 
Abstract 
Fenoxaprop (2-[4-[(6-chloro-2benzoxazoly) oxy]phenoxy]propanoic acid) applied at 
0.14 kg/ha at various time periods after seeding was used to establish weed-free and weedy 
time periods for spring seedings of alfalfa fMedicago sativa L.) in 1985 and 1986 which 
were infested with large crabgrass IDigitaria sanguinalis (L.) Scop], fall panicum (Panicum 
dichotomiflorum Michx.) and yellow foxtail fSetaria lutescens (Weigel) F. T. Hubb.] The 
length of the weed-free periods had no affect on alfalfa yields. Once the initial annual grass 
weeds were controlled, later germinating grass weeds had no competitive effects on alfalfa 
growth. Alfalfa yields showed a linear decrease as the length of the weedy period 
increased. Allowing the annual grass weeds to remain in the new seedings for more than 5 
weeks after seeding decreased first harvest alfalfa yields. The alfalfa component of the first 
harvest forage represented only 44 and 18% of the total first harvest forage yields when 
annual grasses were not removed for 13 weeks after seeding in 1985 and 1986, 
respectively. The competitive effects of the annual grass weeds at the first harvest carried 
over to the second harvest The forage quality, as measured by the acid detergent fiber 
(ADF) content and crude protein (CP) content of the forage, was affected by treatment 
The ADF content of the total forage (alfalfa and annual grass weeds) increased and the CP 
content decreased when large crabgrass and fall panicum remained in the seedings until the 
first harvest The decrease in the forage quality was attributed to both greater alfalfa leaf 
loss under heavy weed pressure and the lower forage quality of the annual grass weeds. 
The average CP content of fall panicum and large crabgrass at the first harvest in the 13- 
week weedy period was only 10.1 and 8.2% in 1985 and 1986, respectively, compared to 
the CP content of the first harvest alfalfa, 18.6 and 18.2% in 1985 and 1986. respectively. 
The forage quality of the second harvest forage was less affected by treatment due to the 
relatively low annual grass regrowth after the first harvest. In general, conditions which 
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promoted alfalfa growth decreased the time for alfalfa to reach physiological maturity and 
lowered the alfalfa forage quality by the time of the first harvest. When annual grass 
weeds were allowed to compete with alfalfa for at least 5- to 7-weeks after seeding, the 
forage quality of alfalfa was greater as measured by the lower ADF and higher CP content 
due to delayed maturity compared to alfalfa from the full season annual grass control 
treatments. 
Introduction 
Annual weeds growing in competition with alfalfa severely reduce alfalfa yields. 
Infestations of weeds in new seedings of alfalfa can reduce stand density and stand density 
can be increased following weed control (10). 
First cutting alfalfa yields in new seedings have been increased when annual grass and 
broadleaf weeds were controlled (4, 10, 12, 13). In most cases the method of 
establishment had a major affect on only the first harvest of the establishment year. 
Subsequent harvests were unaffected by the method of establishment (4,9, 11). 
Weed control in new or existing stands of alfalfa prior to harvest resulted in higher 
alfalfa yields, but in lower or unchanged total yields (2, 3,4, 15). Although total forage 
yields were not increased in many cases, increasing the alfalfa component resulted in 
higher quality forage as indicated by an increase in the crude protein (CP) and in vitro 
digestible dry matter (IVDDM) of the forage and a decrease in the acid and neutral detergent 
fiber (ADF, NDF) content of the forage. 
The traditional method of annual grass control has been dominated by the preplant 
incorporated herbicides. Until the development of the postemergence grass herbicides, 
annual grass control in new seedings of alfalfa was limited. Several studies have shown 
excellent annual grass control with postemergence grass herbicides in new stands of alfalfa 
(6, 7, 8,16, 17). Postemergence treatments for annual grass control can be applied to 
annual grasses at any growth stage. Although postemergence grass herbicides can control 
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various grasses as they mature, extended grass competition to seedling alfalfa may have 
suppressed yields making some applications impractical. 
With the ability to control grass weeds at a wide range of growth stages, alfalfa growers 
will have ample flexibility in the timing of treatments allowing time to analyze the problem 
and to determine if control measures are necessary. While weed-crop competition studies 
are fairly easy to conduct in row crops, removal of weeds by non-chemical means in forage 
crops poses a more difficult challenge. With the development of selective grass herbicides, 
removal of annual grass competition during the growing season becomes more feasible. 
The objectives of the research reported here were to (a) evaluate the effects of annual 
grass competition in new seedings of alfalfa, (b) determine the optimum time for herbicide 
application, and (c) determine the effects of annual grass competition on the forage yield 
and quality of newly seeded alfalfa. 
Materials and Methods 
Field experiments were conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa 'Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 2, 1985 and on May 9,1986. 
Fenoxaprop treatments applied at various time periods at 0.14 kg/ha were used to 
establish weed-free and weedy time periods (3, 5, 7, 9, and 13 weeks after seeding) for 
annual grass competition in new alfalfa seedings. Due to the rapid cessation of annual 
grass growth following spraying, annual grasses cease to compete with alfalfa within a few 
days after treatment, however, the annual grass plants were present in the stand until 
complete decomposition had occurred. Treatments were applied with a CC>2-pressurized 
backpack sprayer in 375 L/ha at 152 kPa, using SS8004 flat-fan nozzles. The dominant 
annual grass weeds were large crabgrass and fall panicum. Broadleaf weeds [common 
lambsquarters (Chenopodium album L.) redroot pigweed (Amaranthus retroflexus L.) and 
common ragweed (Ambrosia artemisiifoliaYl were eliminated from the experimental areas 
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with blanket applications of 2,4-DB [4-(2,4-dichlorophenoxy) butyric acid] at 1.12 kg 
ai/ha on May 31,1985 and on June 9, 1986. 
Treatments were arranged in a randomized complete block with four replications. Plot 
size was 1.5 by 3.0 m in 1985 and 1.5 by 6.0 m in 1986. Alfalfa was harvested on 
July 25 and September 12 for the 1985 study, and on August 11 and September 16 for the 
1986 study. Dry matter yields were determined by harvesting a 1-m swath through the 
center of each plot. Border effects were eliminated prior to harvest by trimming a strip 
from each end of the sampling area. Green weights of all harvested herbage were taken in 
the field. Subsamples were taken from each plot for dry matter determination and botanical 
separation prior to disturbing the cut sample. Yields were reported on a 100% dry matter 
basis. Botanical separations of the fresh material into alfalfa and annual grass weeds were 
performed by hand and the components were separately dried and weighed. No attempt 
was made to separate annual grass weeds (large crabgrass, fall panicum and yellow foxtail) 
by species. Large crabgrass, fall panicum and yellow foxtail will be referred to as annual 
grass weeds. 
Data were subjected to an analysis of variance (Tables 5.5-5.12). The weedy and weed- 
free periods were broken down into time periods of 3, 5,7 and 9 weeks after seeding in 
1985 and tested by regression analysis. The 9-week weedy and weed-free time periods 
were eliminated in 1986. The 13-week weedy and weed-free time periods were excluded 
from the time period analysis and treated as controls for comparison. 
Botanical separation samples were saved for forage quality analysis. The alfalfa and 
annual grass components were separately analyzed for analytical moisture, acid detergent 
fiber and total protein. Where separation samples for annual grasses were too small to 
prepare a separate analysis from each replication, samples were pooled. Forage quality 
data was reported on a 100% dry matter basis. Analysis of forage samples was determined 
by the Association of Official Analytical Chemists Methods (1). Average forage quality for 
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each analysis was then determined by calculation of the yield and quality contribution of 
both the alfalfa and grass component of each harvest. 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (14). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Total protein was determined by the Kjeldahl procedure (1). The 
crude protein content was calculated by multiplying total nitrogen by 6.25. 
Results 
1985 Experiment 
Forage Yields 
First harvest alfalfa yields were affected by the length of the annual grass weed 
competition (Table 5.1). Excellent alfalfa establishment was obtained by controlling annual 
grass weeds in alfalfa at various time periods following seeding. Average alfalfa yields for 
the weed-free periods between 3 and 9 weeks after seeding (4510 kg/ha) were similar to 
the alfalfa yields obtained from the 13-week weed-free period (4600 kg/ha). This indicated 
that alfalfa only required at least one effective herbicide treatment prior to the first harvest to 
control the annual grass weeds. 
Alfalfa yields were lower at the 3- and 5-week weed-free periods due to quackgrass 
(Agropvron repens L.) growth in some plots that established prior to the first harvest after 
spraying. Although the average first harvest alfalfa yields were not different between the 
weedy periods (4300 kg/ha) and the weed-free periods (4510 kg/ha), alfalfa yields 
decreased linearly as the length of the weedy period increased. Alfalfa yields were reduced 
when weed control was delayed more than 5 weeks after seeding. Average alfalfa yields 
were reduced by 13, 19 and 38% at the 7-, 9- and 13-week weedy periods, respectively, 
compared to the 5-week weedy period. 
Annual grass weed control 9 weeks after seeding resulted in greater alfalfa yields than 
the 13-week weedy period, however, the dead annual grass weeds were present in these 
plots at the time of harvest Although growing conditions were ideal for alfalfa 
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establishment prior to the first harvest, the alfalfa component of the 13-week weedy period 
represented only 44% of the total first harvest forage yield. 
The competitive effects of the annual grass weed competition at the first harvest carried 
over to the subsequent harvest. Second harvest alfalfa yields were lower for the 13-week 
weedy period compared to the other time periods. Alfalfa yields for the 13-week weedy 
period were reduced by 25% compared to the 13-week weed-free period. Alfalfa yields 
were lower for the 13-week weedy period compared to the other treatments although the 
alfalfa component represented 90% of the total forage yield at the time of the second 
harvest. 
Total seasonal alfalfa yields followed the same trend as observed during the first 
harvest. Although alfalfa yields were lower for the 3-, 5- and 7-week weed-free periods 
compared to the 9- and 13-week weed-free periods, the average total alfalfa yields were 
greater than 7000 kg/ha for the establishment year when the annual grass weed competition 
was eliminated within 5 weeks after seeding. Total seasonal alfalfa yields for the 13-week 
weedy period were 33% lower compared to the 13-week weed-free period despite the 
excellent growing conditions throughout the season. 
Forage Quality 
First Harvest 
The acid detergent fiber (ADF) content of alfalfa (alfalfa component) was greater for the 
13-week weedy (41.2%) and 13-week weed-free (40.9%) time periods compared to the 
average ADF content of alfalfa from the other time periods (39.0%) (Table 5.2). The 
higher ADF content of alfalfa from the 13-week weedy period resulted from greater alfalfa 
leaf loss as a result of the severe annual grass infestation. The greater ADF content of the 
13-week weed-free period was due to the maturity of the alfalfa at the time of harvest 
Although there was no significant difference between the average ADF content of alfalfa 
between the 3- to 9-week time periods for the weed-free periods (39.4%) and the weedy 
periods (38.6%), the ADF content of alfalfa showed a decreasing trend as the weedy 
168 
CL 
VO On oo VO 04 04 VO oo 04 
u o 
ON ON On ON ON © On © i-i 
04 *—H r-H 04 04 04 
4> 
6J0 
eg 
>-> 
c 
PL PL Os o- oo o- VO VO O' O' O' 
<N 
w 
00 
Q *d 
• 
O' o^ ON OO OO 
• 
o* 
• 
O' o^ >o 
eg 
< CO CO CO CO CO CO CO CO CO CO 
CO 
■8 •c 
a 
D 
ffi 
C
P
 
o 
VO 
On 
ON 
ON 
o* 
ON 
VO 
ON 
04 
On 
04 
O 
VO 
ON 
oo 
o 
vo • 
eg 04 i—i i—i i—t »-h i—t 04 r*H 04 04 
4) 
<*- 
P s 
£ 
| 
'S 
< PL 
Q 
vq On O- VO vn O- O; »rj VO) 
4) vd o^ O^ ON OO oo O-’ O^ o^ >ri 
£ < CO CO CO CO CO CO CO CO CO CO 
*o 
i /-"'S 
>. £ 
T3 'w' 
4) 
4> 
£ 
cl o p on O; 04 vq o VO vq On 00 
3 
* * * 
U 
oo oo o^ oo o^ On oo o*’ cd 
O 
r—* r—• r-H 1—4 r*H rH 
•§ 4) 
eg 60 
> 
2 
PL 60 o »o On vn o* On »0 04 On 04 OO 
.s PL Q ON OO ON On O OO OO VO On 
• 
O 
o 
•W 
C/D 
< CO CO CO CO O' CO CO CO CO O- 
<D 
o 
Ci 
CO 
sc CL O p OO o* • 04 VO • o VO • O; SC 
U 
OO oo o^ o- OO O' On oo OO oo 
13 Ct-i r—4 rH *“1 ,—l1 r—H 
Q * 3 ra to Ct_ 
5o°o 
.ts<* < PL »o ON CO O' On VO 04 On vo 04 
■g e Q ON OO ON ON O oo oo* vd O 
• 
3 5 
rT‘~ 
< CO CO CO CO O' CO CO CO O' O' 
o g> 
60.5 
2-S 
eo 
PL 2o L* 
4) CO VO o- On CO CO in O' On CO 
04 
u6 
4) r—i r-H 
£ 
4> 
3 
eg 
H 
■8 
•c 
■8 4) CL 
*-> 
C 
o 
s 
4> 
2 
PL 
•c 
4) 
CL 
M *-* T3 -o 
eg 4) 4> 
8 H 
4) 4> 
£ £ 
169 
period was lengthened from 3 to 7 weeks. The decrease in the ADF content of alfalfa was 
caused by slower alfalfa growth attributed to the annual grass weed competition, delaying 
alfalfa maturity by the time of harvest. Alfalfa from the 9-week weedy period did not have 
sufficient time prior to harvest to recover from the annual grass weed infestation after the 
fenoxaprop treatments. The 9-week weedy period resulted in greater alfalfa leaf loss and a 
higher ADF content for alfalfa at compared to other weedy time periods. 
Due to the cooler growing conditions prior to the first harvest [average June temperature 
17.4 C versus normal average temperature 19.7 C], the annual grass weed growth was 
slow, relative to the alfalfa growth. The ADF content of the annual grass weeds (39.5%) 
from the 13-week weedy period in the vegetative stage of growth was similar to the ADF 
content of alfalfa at the full-bloom stage. The ADF content of the annual grass weeds from 
the 13-week weedy time period was greater than the ADF content of the dead annual grass 
weeds remaining in the 9-week weedy time period (35.0%) and the average ADF content 
of the annual grass weeds from the other time periods (35.6%). The ADF content of the 
total forage (alfalfa and annual grass weeds) was greater for the 13-week weedy and 
weed-free time periods compared to the other time periods. The higher ADF content of the 
total forage from the 13-week weedy period was due to both greater alfalfa leaf loss and 
the greater ADF content of the annual grass weeds which comprised 56% of the total 
forage yields. The annual grass regrowth remaining in the 9-week weedy time period 
treatments did lower the average ADF content of the total forage (39.2%) compared to the 
alfalfa component alone (40.6%). The ADF content of the total forage from the other time 
periods followed the same trend in ADF as the alfalfa component alone due to the relatively 
low annual grass growth after treatment. 
The average crude protein (CP) content of alfalfa was greater for the weedy period 
treatments (18.5%) compared to the weed-free period treatments (17.9%). The higher CP 
content of alfalfa from the weedy period treatments was attributed to delayed alfalfa 
maturity by the time of harvest The CP content of alfalfa from the weedy period 
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treatments increased as the length of the weed infestation increased approaching a quadratic 
trend. The lower CP content of alfalfa from the 3-week weedy period compared to the 
other weedy time periods was probably due to the reduced time required for the alfalfa to 
reach physiological maturity when the annual grass weeds were eliminated early in the 
growing season. 
The CP content of the annual grass weeds from the 13-week weedy period (10.1%) 
was lower than the CP content of the dead annual grass weeds remaining in the 9-week 
weedy period (14.3%) and the average CP content of the annual grass weeds from the 
other time periods (17.1%). The CP content of the total forage was lower for the 13-week 
weedy period (13.9%) compared to the CP content of the total forage from the 13-week 
weed-free time period (18.2%) and the average CP content of the total forage from the 
other time periods (18.1%). The lower CP content of the forage from the 13-week weedy 
period was due to the lower CP content for the annual grass weeds compared to the alfalfa 
component. 
Although there was no significant difference between the average CP content of the total 
forage between the weed-free time periods (17.9%) and the weedy time periods for the 3- 
to 9-week period (18.2%), the CP content of the forage followed a quadratic response as 
the weedy period increased. The lower CP content of the 3-week weedy time period was 
due to increased physiological maturity by the time of harvest compared to the 5- and 
7-week weedy periods. The lower CP content of the forage from the 9-week weedy period 
was due to the lower CP content of the dead annual grass weeds which remained in the 
plots by the time of the first harvest 
Second Harvest 
The ADF content of alfalfa was lower for the 13-week weedy period (35.5%) compared 
to the ADF content of the alfalfa from the 13-week weed-free period (38.6%) and the 
average ADF content of alfalfa from the other time periods (37.9%) (Table 5.2). The 
lower ADF content of alfalfa from the 13-week weedy period was attributed to slower 
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alfalfa regrowth after the first harvest due to the severe annual grass weed infestation earlier 
in the season. There was a linear increase in the ADF content of alfalfa from the weed-free 
treatments as the length of the weed-free period increased. This may be attributed to a 
residual stimulation in alfalfa growth from the herbicide treatment as the weed-free period 
was increased. 
The CP content of alfalfa was greater for the 13-week weedy period (21.6%) compared 
to the CP content of the alfalfa from the 13-week weed-free period (19.5%) and the 
average ADF content of alfalfa from the other time periods (19.9%). The higher CP 
content of alfalfa from the 13-week weedy period was attributed to slower alfalfa regrowth 
after the first harvest due to the severe annual grass infestation earlier in the season. The 
earlier annual grass competition delayed alfalfa maturity by the time of the second harvest. 
Due to the relatively low annual grass weed growth (10% of the total second harvest yields 
of the untreated check) after the first harvest and the increased forage quality of the annual 
grass regrowth, the forage quality of the total forage followed the same trend as the alfalfa 
component alone. 
1986 Experiment 
Forage Yields 
First harvest alfalfa yields were increased by eliminating annual grass weeds at all time 
periods throughout the growing season (Table 5.3). Effective elimination of annual grass 
weeds was obtained for all time periods. Average alfalfa yields were not significantly 
lower for the 3- to 7-week weedy periods (4590 kg/ha) compared to the 3- to 7-week weed- 
free periods (4920 kg/ha). 
Although first harvest alfalfa yields showed no significant yield decrease as the length 
of the weedy period was extended, delaying the annual grass weed control more than 5 
weeks after planting had a negative affect on alfalfa yields. Alfalfa yields from the 13- 
week weedy period (1310 kg/ha) were 73% lower than the average alfalfa yields from the 
other time periods (4770 kg/ha). Annual grass competition was severe in the 1986 seeding 
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with the annual grass weed component of the 13-week weedy period representing more 
than 82% of the total first harvest forage yield. 
Annual grass regrowth was minimal after the first harvest in 1986, however, the 
competitive effects of the annual grass weeds on alfalfa yields carried over to the second 
harvest Second harvest alfalfa yields were lower for the 13-week weedy period compared 
to the other time periods. Average alfalfa yields for the 13-week weedy period (1170 
kg/ha) were reduced by 42% compared to the alfalfa yields from the 13-week weed-free 
period (2000 kg/ha). 
Total seasonal alfalfa yields from the two harvests ranged between 6500 and 7100 kg/ha 
when annual grass weeds were eliminated within 5 weeks after planting. Extending the 
period of weed competition more than 5 weeks after planting had a depressing effect on 
alfalfa yields. Average total seasonal alfalfa yields where annual grass competition was not 
eliminated prior to the first harvest (2480 kg/ha) were reduced by more than 60% compared 
to the average total alfalfa yields obtained from the other treatments (6680 kg/ha). 
Forage Quality 
First Harvest 
The average ADF content of alfalfa (alfalfa component) was greater for the 3- to 7-week 
weed-free periods (48.7%) than the 3- to 7-week weedy periods (46.4%) (Table 5.4). The 
decrease in the ADF content of alfalfa for the weedy periods was caused by reduced alfalfa 
growth attributed to the annual grass weed competition, delaying alfalfa maturity by the 
time of the first harvest. The ADF content of alfalfa showed a linear increase as the 
weed-free period increased from 3 to 7 weeks. However, the differences between 
treatments were more likely related to physiological maturity differences as the ADF 
content did not continue to increase for the 13-week weed-free treatment. The ADF content 
of alfalfa showed a decreasing linear trend as the weedy period increased from 3 to 7 
weeks due to alfalfa growth suppression from the annual grass competition. Alfalfa from 
the 13-week weedy period had a greater ADF content compared to alfalfa from the other 
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weedy time periods. This resulted from greater alfalfa leaf loss due to the continued annual 
grass infestation. 
The ADF content of the annual grass weeds from the 13-week weedy time period 
(46.9%) was lower than the ADF content of alfalfa from this time period (49.8%) due to 
the delay in taking the first harvest when the alfalfa was at the full-bloom stage. The ADF 
content of the total forage for the other time periods followed the same trend in ADF as the 
alfalfa component alone due to the relatively low annual grass growth after treatment. 
The average CP content of alfalfa was lower for the 3- to 7-week weed-free periods 
(18.3%) than the 3- to 7-week weedy periods (19.2%). The increase in the CP content of 
alfalfa for the weedy periods was caused by slower alfalfa growth attributed to the annual 
grass weed competition, delaying alfalfa maturity by the time of harvest. The CP content 
of alfalfa showed a linear decrease as the weed-free period was lengthened from 3 to 7 
weeks. However, the differences between treatments were more likely related to 
physiological maturity differences as the CP content did not continue to decrease for the 
13-week weed-free treatment 
The CP content of the annual grass weeds from the 13-week weedy period (8.2%) was 
significantly lower than the CP content of alfalfa. Since the annual grass component of the 
13-week weedy period represented more than 82% of the total first harvest forage yields 
from that treatment, the average CP content of the forage from the 13-week weedy 
treatment was lower than the CP content of the forage from the other time periods. The CP 
content of the total forage for the 13-week weedy period (10.0%) was reduced by more 
than 47% compared to the average CP content of the total forage from the other time 
periods (18.8%). The CP content of the total forage for the other time periods followed the 
same trend in CP as the alfalfa component alone due to the relatively low annual grass 
growth after treatment. 
176 
Second Harvest 
The ADF and CP content of alfalfa was not affected by treatment Due to the relatively 
low annual grass regrowth after the first harvest the average ADF and CP content for the 
total forage was similar among treatments. 
Discussion 
Results from these studies show severe weed competition in spring seedings of alfalfa 
can occur prior to the first harvest The greatest increase in alfalfa yield and forage quality 
resulted when weeds were controlled soon after seeding. The length of the weed-free 
periods had no affect on alfalfa yields. Once the initial annual grass weeds were 
controlled, later germinating grasses had no negative affects on alfalfa growth. 
Increasing the length of the weedy period decreased alfalfa yields. Allowing the annual 
grass weed population to remain in the new alfalfa seedings for more than five weeks after 
seeding had the most detrimental affects on alfalfa yields. Fischer et al. (5) also reported 
alfalfa seeded in the late summer and fall in the Pacific Northwest could tolerate an annual 
weed interference period of at least 36 days after emergence. 
These studies show considerable flexibility is available for developing weed control 
programs for alfalfa. Due to the long weed interference period tolerated by alfalfa, the use 
of postemergence grass herbicides for weed control in alfalfa could have an important role 
in future weed control programs. This will allow time for emergence of weeds before 
treatment and enable the grower to judge whether weed control is needed. 
Due to the low CP content of the annual grass weeds by the time of the first harvest in 
spring seedings of alfalfa, weed control is highly important from a forage quality 
standpoint Although total forage yields (alfalfa and weeds) may not be increased by the 
removal of these annual grass weeds, higher alfalfa yields and increased forage quality can 
be obtained. Similar results have been reported in other studies with both established and 
new seedings of alfalfa (2, 4, 13, 15). 
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CHAPTER VI 
EFFECT OF SUBLETHAL RATES OF SETHOXYDIM, FLUAZIFOP, HALOXYFOP 
AND QUIZALOFOP FOR ANNUAL GRASS WEED CONTROL IN 
NEW ALFALFA SEEDINGS 
Abstract 
Sethoxydim (2-l-(ethoxyimino)butyl]-5-[2 -(ethylthio) propyl]-3-hydroxy - 
2-cyclohexen-l-one), fluazifop (2-[4-[[5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] 
propanoic acid), haloxyfop (2-[4-[[3-chloro-5-(trifluoromethyl)-2-pyridinyl) oxy] 
phenoxy] propanoic acid), and quizalofop (2-[4-[[6-chloro-2-[4[(6-chloro-2- 
quinoxalinyl)oxy] phenoxy] propanoic acid) were applied both early and late 
postemergence at 35,70 and 140 g ai/ha in 1985 and at 18, 35,70 and 140 g ai/ha in 1986 
to conventional seedings of alfalfa (Medicago sativa L.) infested with large crabgrass 
IPigitaria sangyinalig (L.) Scop.], fall panicum fPanicum dichotomiflorum Michx ] and 
yellow foxtail fSetaria lutescens (Weigel) F.T. Hubb.]. All herbicides effectively 
controlled annual grass weeds at 140 g/ha prior to the first harvest, however herbicide 
efficacy generally increased in order of the sethoxydim, fluazifop, quizalofop and 
haloxyfop treatments at the lower herbicide rates, particularly in 1986 where annual grass 
weeds comprised more than 87% of the total first harvest forage yields of the untreated 
check. Herbicide treatments increased first harvest alfalfa yields from 15 to 46% in 1985, 
and from 22 to 346% in 1986, respectively compared to the alfalfa yields of the untreated 
check. Herbicide treatments increased second harvest alfalfa yields more than 40% 
compared to the alfalfa yields of the untreated check during both years. All herbicide 
treatments increased the forage quality compared to the untreated check as measured by 
crude protein (CP) content, particularly at the first harvest The crude protein content 
increased as the percentage of the annual grass weeds in the forage decreased. Herbicide 
treatments increased the average CP content of the first harvest forage 17 and 65% 
compared to the crude protein content of the untreated check in 1985 and 1986, 
respectively, however, the crude protein content increases in the forage ranged from 10 to 
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29% in 1985, and from 12 to 113% in 1986. The lower CP content of the first harvest 
forage in the untreated check was primarily due to the lower crude protein content of the 
annual grass weeds (11.4 and 8.1% in 1985 and 1986, respectively) compared to the 
crude protein content of the alfalfa forage (19.4 and 19.5% in 1985 and 1986, 
respectively). Sublethal rates of grass herbicides suppressed annual grass growth which 
increased the crude protein content of the annual grass weeds improving the forage quality 
for all herbicide treatments compared to the untreated check regardless of the degree of 
weed control. Herbicide treatments had less affect on the crude protein content of the 
second harvest forage due to the lower annual grass component in addition to the greater 
crude protein content of the annual grass regrowth after the first harvest. 
Introduction 
Unlike weeds in row crops, weeds in forage crops are harvested with the forage. This 
may reduce the feeding value of the crop (3,5, 14, 21). Alfalfa is a primary source of high 
protein forage for the dairy industry in the Northeast. Annual grasses such as foxtails 
(Setaria spp.) fall panicum (Panicum dichotomiflorum L.) annual bromes (Bromus SEJL) 
bamyardgrass (Echinochloa crusgalli L. Beauv.) and crabgrass (Digitaria spp.) are 
problem weeds in alfalfa in the Northeast A 1979 study showed economic losses directly 
or indirectly caused by weeds in alfalfa in 12 Northeastern states have been estimated over 
88 million dollars (13). Of this total, 21% was due to the loss in alfalfa yield. The largest 
loss attributed to weeds in alfalfa was due to loss in quality which comprised 51% or 45 
million dollars. 
Annual weed control for conventional seedings of alfalfa has been dominated by 
preplant incorporated materials such as EPTC (S-ethyl dipropylcarbamothioate) and 
benefin (N-butyl-N-ethyl-a,a,a-trifluoro-2,6-dinitro-p-toluidine) (6, 12, 18). A high 
proportion of the available farmland in the Northeast is hilly or rocky and poses great 
difficulty for establishment of forages by conventional methods. The no-tillage method of 
alfalfa production has enabled alfalfa establishment on these marginal sites. Control of 
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annual grass weeds has also been a problem with this method of establishment due to lack 
of residual activity of the commonly used sod suppressants such as paraquat 
(1,1-dimethyl-4,4-bipyridinium ion) and glyphosate (n-(phosphonomethyl) glycine) that 
require the presence of foliage for activity (1). Well decomposed sods have provided 
favorable conditions for annual grass weeds (11, 17). Annual grass weeds have been a 
problem where seedings are made into old com fields (19). Volunteer grains reduced 
alfalfa yields when seeding alfalfa into grain stubble(23). 
The use of postemergence grass herbicides for alfalfa that does not require incorporation 
for activation for either conventional seedings where effective incorporation is not feasible 
or to control grassy weeds in no-tillage seedings would greatly increase the success of 
alfalfa establishment over a wide range of land sites. A number of studies have shown 
excellent results with several postemergence grass herbicides in both conventional and 
no-tillage alfalfa seedings (7, 8, 9, 10, 24, 25). 
Little information is available on the effects of sublethal rates of these herbicides on the 
botanical composition, yield and quality of forage stands from new alfalfa seedings heavily 
infested with annual grass weeds. The objectives of the research reported here were to (a) 
evaluate the effectiveness of sethoxydim, fluazifop, haloxyfop and quizalofop for control 
of annual grass weeds in new alfalfa seedings, (b) determine a minimum acceptable use 
rate for these herbicides, and (c) evaluate the effects of the various weed infestation levels 
on the forage composition, yield and quality. 
Materials and Methods 
Field experiments were conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa ’Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 23, 1985 and on May 9, 1986. 
Treatments were applied with a C02-pressurized backpack sprayer in 375 L/ha at 
152 kpa, using SS8004 flat-fan nozzles. Sethoxydim, fluazifop, haloxyfop and quizalofop 
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were applied at 35,70 and 140 g ai/ha in 1985. Early postemergence treatments were 
applied June 26 when alfalfa was at the 6- to 11-trifoliate leaf stage (10- to 15-cm height). 
Large crabgrass was at the 3-leaf stage with 3- to 4-tillers (5-cm height) and fall panicum 
was at the 4-leaf stage (8- to 10-cm height). Late postemergence treatments were applied 
on July 4 when alfalfa was at the 10- to 15-trifoliate leaf stage (25- to 30-cm height). 
Large crabgrass was at the 4-leaf stage with 5 or more tillers and fall panicum was at the 5- 
leaf stage (15- to 20-cm height). Sethoxydim, fluazifop, haloxyfop and quizalofop were 
applied at 18, 35,70 and 140 g ai/ha in 1986. Early postemergence treatments were 
applied on June 3 when alfalfa was at the 3- to 5-trifoliate leaf stage (6- to 9-cm height). 
Large crabgrass was at the 3- to 4-leaf stage and tillering (8- to 10-cm height) and yellow 
foxtail 4- to 5-leaf stage (10- to 13-cm height) at the time of treatment. Late postemergence 
treatments were applied on June 14 when the alfalfa was at the 6- to 12-trifoliate leaf stage 
(15- to 25-cm height). Large crabgrass was at the 4-leaf stage and tillering (15-cm height) 
and yellow foxtail was at the 4- to 5-leaf stage and tillering (30-cm height). Broadleaf 
weeds [common lambsquarters (Chenopodium album L.) redroot pigweed (Amaranthus 
retroflexus L.) and common ragweed (Ambrosia artemisiifolia L.) were controlled with a 
blanket application of 2,4-DB [4-(2,4-dichlorophenoxy) butyric acid] at 1.12 kg ai/ha. 
Blanket treatments were applied on July 1 and June 9 in 1985 and 1986, respectively. A 
crop oil concentrate was added to all herbicide treatments at the rate of 1% (v/v) of the total 
spray solution. 
Treatments were arranged in a randomized complete block with three replications. Plot 
size was 1.5 by 6.0m. Annual grass control was rated on a scale where 0 = no control 
and 100 = complete control. Ratings were made prior to the first harvest in 1985 on July 
16 and 29, and in 1986 on July 10 and 31. Alfalfa was harvested on July 30 and 
September 18 in 1985, and on August 4 and September 9,1986. Dry matter yields were 
determined by harvesting a 1-m swath through the center of each plot. Border effects were 
eliminated prior to harvest by trimming a strip from each end of the sampling area. Green 
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weights of all harvested herbage was taken in the field Two subsamples were taken from 
each plot for dry matter determination and botanical separation prior to disturbing the cut 
sample. Yields were reported on a 100% dry matter basis. Botanical separations of the 
fresh material into alfalfa and annual grass weeds was performed by hand and the 
components were dried separately. No attempt was made to separate annual grass weeds 
by species. Large crabgrass, fall panicum and yellow foxtail will be referred to as annual 
grass weeds. 
Data were subjected to analysis of variance (Tables 6.17-6.31). All data except the 
forage quality analysis of the annual grass weed samples were analyzed as a randomized 
complete block factorial with treatment effects assigned to herbicides, rates and times of 
application. A single degree of freedom comparison was used to analyze the effects of the 
untreated control versus herbicide treatments. Regression analysis and Duncan's multiple 
range test (P<_0.05) were used to discuss means where appropriate. 
Botanical separation samples were saved for forage quality analysis. The alfalfa and 
grass components were separately analyzed for analytical moisture, acid detergent fiber 
and total protein. Where separation samples for annual grass weeds were too small to 
prepare a separate analysis from each replication, samples were pooled. A statistical 
analysis of variance for unequal numbers was conducted for the annual grass weed 
samples where appropriate. Forage quality was reported on a 100% dry matter basis. 
Analysis of forage samples was determined by the Association of Official Analytical 
Chemists Methods (2). Average forage quality for each analysis was then determined by 
calculation of the yield and quality contribution of both the alfalfa and grass component of 
each harvest. 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (22). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Total protein was determined by the Kjeldahl procedure. The crude 
protein content was calculated by multiplying the total nitrogen by 6.25. 
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Results 
1985 Experiment 
Annual Grass Weed Control 
Herbicide, rate, time of application and interactions between herbicide and rate and 
between herbicide and time of application affected control of large crabgrass and fall 
panicum on July 16 [20 and 12 days after the early postemergence (DAEP) and late 
postemergence (DALP) treatments, respectively] and July 29 [33 (DAEP) and 25 (DALP)] 
(Tables 6.1-6.3). The sethoxydim treatments resulted in lower annual grass control than 
the other herbicide treatments by July 16 [20 (DAEP) and 12 (DALP)]. Fluazifop, 
haloxyfop and quizalofop treatments resulted in similar annual grass control at that time. 
The fluazifop treatments resulted in greater annual grass control than the sethoxydim 
treatments but were less effective than the haloxyfop or the quizalofop treatments by 
July 29 [33 (DAEP) and 25 PALP)]. In general, annual grass control increased as 
herbicide rate increased. 
The interaction between herbicide and rate indicated that only the sethoxydim and 
fluazifop treatments showed a linear increase in annual grass control as the herbicide rate 
increased. The haloxyfop and quizalofop treatments effectively controlled annual grass 
weeds at all rates. The fluazifop treatments applied at 70 and 140 g/ha and the sethoxydim 
treatments applied at 140g/ha resulted in similar annual grass control as the haloxyfop and 
quizalofop treatments. 
In general, late postemergence treatments showed greater control of annual grass weeds 
than the early postemergence treatments. The interaction between herbicide and time of 
application indicated that only the sethoxydim treatments gave greater control of annual 
grass weeds when applied late postemergence. The early postemergence treatments of 
sethoxydim resulted in lower annual grass control than the late postemergence treatments 
due to the longer recovery period for large crabgrass and fall panicum following treatment 
and the growth of later germinating annual grass weeds after application, particularly at the 
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Table 6.1 Annual grass control ratings and botanical composition of the first and second 
harvest forage following early and late postemergence applications of 
sethoxydim, fluazifop, haloxyfop and quizalofop in 1985 (Treatments). 
_Botanical composition 
Annual grass control Harvest 1 Harvest 2 
Herbicide Rate Time 7A6 7/29 Alfalfa 
Annual 
grasses Alfalfa 
Annual 
grasses 
(g/ha) (%) : 
Sethoxydim 35 EP 40 48 82 18 9b To 
Sethoxydim 70 EP 60 55 82 18 94 6 
Sethoxydim 140 EP 92 92 98 2 98 2 
Sethoxydim 35 LP 77 60 87 13 87 13 
Sethoxydim 70 LP 87 90 93 7 93 7 
Sethoxydim 140 LP 92 95 99 1 95 5 
Fluazifop 35 EP 75 67 87 13 87 13 
Fluazifop 70 EP 93 92 98 2 96 4 
Fluazifop 140 EP 95 98 100 0 98 2 
Fluazifop 35 LP 85 82 92 8 91 9 
Fluazifop 70 LP 87 87 93 7 83 17 
Fluazifop 140 LP 92 92 99 1 91 9 
Haloxyfop 35 EP 87 90 98 2 98 2 
Haloxyfop 70 EP 95 97 100 0 99 1 
Haloxyfop 140 EP 95 98 100 0 100 0 
Haloxyfop 35 LP 88 95 99 1 98 2 
Haloxyfop 70 LP 90 97 100 0 100 0 
Haloxyfop 140 LP 92 100 100 0 100 0 
Quizalofop 35 EP 88 90 99 1 99 1 
Quizalofop 70 EP 97 98 100 0 98 2 
Quizalofop 140 EP 98 100 100 0 100 0 
Quizalofop 35 LP 90 92 99 1 98 2 
Quizalofop 70 LP 92 98 100 0 100 0 
Quizalofop 140 LP 88 100 100 0 100 0 
Control 0** 0** 69** 31** 68** 32** 
Control mean value vs herbicide mean value 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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Table 6.2 Annual grass control ratings and botanical composition of the first and second 
harvest forage following early and late postemergence applications of 
sethoxydim, fluazifop, haloxyfop and quizalofop in 1985 (Main effects 
and interactions). 
_Botanical composition_ 
Annual grass control Harvest 1 Harvest 2 
Annual Annual 
7/16 7/29 Alfalfa grasses Alfalfa grasses 
c*r 
Herbicides 
Sethoxydim 74b 73c 90c 10a 93b 7a 
Fluazifop SSa 86b 95b 5b 91b 9a 
Haloxyfop 91a 96a 100a 0c 99a lb 
Quizalofop 92a 96a 100a 0c 99a lb 
Rates (g/ha) 
35 79 78 93 77 93 7 
70 88 89 96 4 95 5 
140 93 97 99 1 98 2 
L** L** L** L** L** L** 
Time Period 
Early Postemergence 85b 85b 95 5 96 4 
Late Postemergence 88a 91a 97 3 95 5 
NS NS NS NS NS 
Herbicide x Rate (g/ha) 
Herbicide Rate 
Sethoxydim “33“ 58 54 85 15 88 12 
Sethoxydim 70 73 73 87 13 93 7 
Sethoxydim 140 92 93 99 1 97 3 
L** L** L** L** L** L** 
Fluazifop 35 80 74 90 10 89 11 
Fluazifop 70 90 89 96 4 89 11 
Fluazifop 140 93 95 99 1 95 5 
L** L** L** L** NS NS 
Haloxyfop 35 88 93 99 1 98 2 
Haloxyfop 70 93 97 100 0 100 0 
Haloxyfop 140 93 99 100 0 100 0 
NS NS NS NS NS NS 
Quizalofop 35 89 91 99 1 98 2 
Quizalofop 70 94 98 100 0 99 1 
Quizalofop 140 93 100 100 0 100 0 
NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
L = linear 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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sublethal rates (35 and 70 g/ha). The early and late postemergence applications resulted in 
similar annual grass control for the other herbicide treatments. 
Increasing the rate of the late postemergence treatments had no affect on annual grass 
control by July 16 [20 (DAEP) and 12 (DALP)]. The interaction between rate and time of 
application indicated that the early postemergence treatments resulted in a linear increase in 
annual grass control as the herbicide rate increased. The early postemergence treatments 
reduced regrowth of large crabgrass and fall panicum at the higher rate of application 
(140 g/ha). Both the early and late postemergence treatments resulted in a linear increase in 
annual grass control as the herbicide rate increased by July 29 [33 (DAEP) and 25 
(DALP)]. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 69% alfalfa and 
31% annual grass weeds (Tables 6.1-6.3). The average botanical composition of the 
herbicide treatments was 96% alfalfa and 4% annual grass weeds. Herbicides, rate, and 
interactions between herbicide and rate affected the botanical composition of the forage. 
The botanical composition of the forage was similar between the haloxyfop and 
quizalofop treatments. Forage from the fluazifop treatments had a higher alfalfa component 
and a lower annual grass component than the sethoxydim treatments, however, the alfalfa 
component of the forage was lower and the annual grass component was greater for the 
fluazifop treatments than the haloxyfop and the quizalofop treatments. 
Increasing the herbicide rate increased the alfalfa component and lowered the annual 
grass component of the forage. The interaction between herbicide and the rate indicated 
that the botanical composition of the sethoxydim and fluazifop treatments was most 
affected by herbicide rate. The botanical composition of the forage was similar between the 
haloxyfop and quizalofop treatments at all rates of application. The botanical composition 
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of the forage from the fluazifop treatments applied at 70 and 140 g/ha and the sethoxydim 
treatments applied at 140 g/ha was similar to the haloxyfop and quizalofop treatments 
applied at 35, 70 and 140 g/ha. 
The botanical composition of the untreated check at the second harvest was 68% alfalfa 
and 32% annual grass weeds. The botanical composition of the herbicide treatments was 
95% alfalfa and 5% annual grass weeds. The botanical composition of the forage was 
similar for the haloxyfop and quizalofop treatments and for the sethoxydim and fluazifop 
treatments. Forage from the sethoxydim and fluazifop treatments had a lower alfalfa 
component and a higher annual grass component than the haloxyfop and the quizalofop 
treatments. In general, increasing the herbicide rate resulted in a linear increase in the 
alfalfa component of the forage with a corresponding decrease in annual grass component. 
Forage Yields 
Sethoxydim, fluazifop, haloxyfop and quizalofop applied at 35, 70 and 140 g/ha 
reduced average first harvest annual grass yields (152 kg/ha) by 88% compared to the 
annual grass yields of the untreated check (1226 kg/ha) (Tables 6.4-6.5). Herbicide 
treatments reduced annual grass yields between 38 and 100% compared to the annual grass 
yields of the untreated check. 
Herbicides, rate of application and interactions between herbicide and rate affected first 
harvest annual grass yields. Sethoxydim treatments resulted in greater annual grass yields 
than the other herbicide treatments. Fluazifop treatments resulted in greater annual grass 
yields than the haloxyfop and the quizalofop treatments. In general, increasing the 
herbicide rate resulted in a linear decrease in annual grass yields. The interaction between 
herbicide and rate indicated that only the sethoxydim and the fluazifop treatments resulted 
in a linear decrease in annual grass yields as the herbicide rate increased. The haloxyfop 
and quizalofop treatments effectively eliminated annual grass weeds at all rates. 
The sethoxydim and fluazifop treatments and the haloxyfop and quizalofop treatments 
resulted in similar annual grass yields when applied at 35 g/ha. The sethoxydim treatments 
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Table 6.4 Dry matter yields of annual grasses and alfalfa following early and late 
postemergence applications of sethoxydim, fluazifop, halox>Top and 
quizalofop in 1985 (Treatments). 
Annual grasses Alfalfa 
Herbicide Rate Time Harvest 1 1 larvest 2 Total Harvest 1 Harvest 2 Total 
Sethoxydim 
(g/ha) 
35 EP 2S)* 
: (kg/ha) : 
1030 :§!) «So ^ 
Sethoxydim 70 EP 710 180 880 3300 2800 6090 
Sethoxydim 140 EP 70 60 140 4080 2870 6960 
Sethoxydim 35 LP 470 370 850 3250 2440 5690 
Sethoxydim 70 LP 270 210 480 3330 2660 5990 
Sethoxydim 140 LP 40 130 170 3820 2660 6480 
Fluazifop 35 EP 520 390 910 3550 2580 6140 
Fluazifop 70 EP 80 130 210 3680 2820 6500 
Fluazifop 140 EP 0 70 70 3740 2900 6640 
Fluazifop 35 LP 270 270 540 3520 2600 6120 
Fluazifop 70 LP 200 540 740 3140 2590 5730 
Fluazifop 140 LP 40 230 270 3480 2540 6020 
Haloxyfop 35 EP 80 70 150 3800 2600 6400 
Haloxyfop 70 EP 10 20 20 4360 2930 7290 
Haloxyfop 140 EP 0 0 0 4040 2830 6870 
Haloxyfop 35 LP 20 50 80 3640 2890 6530 
Haloxyfop 70 LP 0 0 0 3700 2810 6510 
Haloxyfop 140 LP 0 0 0 3900 2830 6730 
Quizalofop 35 EP 50 40 80 3990 3000 6990 
Quizalofop 70 EP 0 60 60 3860 2780 6640 
Quizalofop 140 EP 0 0 0 3740 2860 6610 
Quizalofop 35 LP 50 70 120 3770 2910 6680 
Quizalofop 70 LP 10 10 20 3970 2910 6680 
Quizalofop 140 LP 0 0 0 3430 2830 6260 
Control 1230** 930** 2160** 2730* * I960** 4690** 
EP = early postemergence, LP = late postemergence 
Control mean value vs herbicide mean value 
** = highly significant (P<0.01) 
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Table 6.5 Dry matter yields of annual grasses and alfalfa following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop and 
quizalofop in 1985 (Main effects and interactions). 
Annual grasses_Alfalfa  
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Herbicides 
Sethoxydim 
Fluazifop 
Haloxyfop 
Quizalofop 
Rates (g/ha) 
35 280 190 470 3630 2690 6320 
70 160 140 300 3670 2780 6450 
140 20 60 80 3730 2790 6570 
L* * ** L** L** NS NS NS 
Time Period 
Early Postemergence 190 no 300 3810a 2790 6600a 
Late Postemergence 120 160 270 3580b 2720 6300b 
NS NS NS NS 
Herbicide x Rate (g/ha) 
Herbicide Rate 
Sethoxydim 620 320 940 3380 2480 5860 
Sethoxydim 70 490 190 680 3310 2730 6040 
Sethoxydim 140 60 100 150 3950 2770 6720 
L** NS NS L** NS L** 
Fluazifop 35 400 330 730 3540 2590 6130 
Fluazifop 70 140 330 470 3410 2710 6120 
Fluazifop 140 40 150 170 3610 2720 6330 
L** NS NS NS NS NS 
Haloxyfop 35 50 60 no 3720 2740 6470 
Haloxyfop 70 0 10 10 4030 2870 6900 
Haloxyfop 140 0 0 0 3970 2830 6800 
NS NS NS NS NS NS 
Quizalofop 35 50 50 no 3880 2960 6840 
Quizalofop 70 10 40 40 3910 2830 6750 
Quizalofop 140 0 0 0 3590 2840 6430 
NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
L = linear 
(kg/ha) 
390a 200a 590a 3550b 2660b 6210b 
180b 270a 460a 3520b 2670b 6190b 
20c 20b 40b 3910a 2810ab 6720a 
20c 30b 50b 3790ab 2880a 6670a 
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resulted in greater annual grass yields than the other herbicide treatments at the 70 g/ha rate. 
The fluazifop, haloxyfop and quizalofop treatments resulted in similar annual grass yields 
when applied at 70 g/ha rate. All herbicide treatments resulted in similar annual grass 
yields when applied at the 140 g/ha rate. Results indicate the minimum herbicide rates for 
the sethoxydim and fluazifop treatments in order to effectively reduce the annual grass 
yields at the first harvest was 140 and 70 g/ha, respectively. Haloxyfop and quizalofop 
treatments were effective at all rates of application. Time of application had no affect on 
annual grass yields. All herbicide treatments were equally affective when applied both 
early and late postemergence allowing a longer time period for annual grass control. 
Herbicide treatments increased average first harvest alfalfa yields (3692 kg/ha) by 35% 
compared to the alfalfa yields of the untreated check (2734 kg/ha). Herbicide treatments 
increased alfalfa yields between 15 and 46% compared to the alfalfa yield of the untreated 
check. 
Herbicide treatment and the time of application affected first harvest alfalfa yields. The 
haloxyfop treatments resulted in greater alfalfa yields than the fluazifop and the sethoxydim 
treatments. The quizalofop, sethoxydim and fluazifop treatments resulted in similar alfalfa 
yields. Although both the early and late postemergence treatments effectively reduced 
annual grass yields, alfalfa yields were reduced when herbicide application was delayed. 
Late postemergence treatments reduced alfalfa yields by 6% compared to the early 
postemergence treatments. In general, alfalfa yields did not increase as herbicide rate 
increased, however, increasing the rate of sethoxydim resulted in a linear increase in alfalfa 
yields. 
Herbicide treatments reduced average second harvest annual grass yields (132 kg/ha) by 
86% compared to the annual grass yields of the control (932 kg/ha). Herbicide treatments 
reduced annual grass yields between 42 and 100% compared to the annual grass yields of 
the untreated check. 
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Herbicide treatment and the rate of application affected second harvest annual grass 
yields. The sethoxydim and fluazifop treatments resulted in greater annual grass yields 
than the quizalofop and haloxyfop treatments. Increasing the herbicide rate resulted in a 
linear decrease annual grass yields. The time of herbicide application had no affect on 
annual grass regrowth. 
Herbicide treatments increased average second harvest alfalfa yields (2756 kg/ha) by 
41% compared to the alfalfa yield of the untreated check (1959 kg/ha). Herbicide 
treatments increased alfalfa yields between 24 and 53% compared to the alfalfa yields of the 
untreated check. 
Second harvest alfalfa yields were different among herbicide treatments. The 
quizalofop treatments resulted in greater alfalfa yields than the sethoxydim and the fluazifop 
treatments. The haloxyfop, sethoxydim and fluazifop treatments resulted in similar alfalfa 
yields. Herbicide rate and the time of application had no affect on second harvest alfalfa 
yields. 
Herbicide treatment and the rate of application affected total seasonal annual grass 
yields. The sethoxydim and fluazifop treatments resulted in greater annual grass yields 
than the quizalofop and haloxyfop treatments. Increasing the herbicide rate resulted in a 
linear decrease in annual grass yields. The time of application had no affect on annual 
grass yields. 
Herbicide treatment and the time of application affected total seasonal alfalfa yields. The 
haloxyfop and quizalofop treatments resulted in greater alfalfa yields than the sethoxydim 
and fluazifop treatments. Although the early and late postemergence treatments resulted in 
similar annual grass yields, alfalfa yields were reduced when the herbicide application was 
delayed. The late postemergence treatments reduced total seasonal alfalfa yields by 5% 
compared to the early postemergence treatments. Sethoxydim was the only herbicide that 
showed a linear increase in total alfalfa yields as the herbicide rate was increased. 
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Forage Quality 
First Harvest 
The average acid detergent fiber (ADF) content of alfalfa (alfalfa component) was not 
affected by the herbicide treatment or the rate of application (Tables 6.6-6.7). In general, 
the average ADF content of alfalfa was greater for the early postemergence treatments 
(35.8%) compared to the late postemergence treatments (35.0%). The difference in the 
average ADF content of alfalfa between the application periods may be attributed to greater 
alfalfa growth following the early postemergence treatments which increased the stage of 
maturity by the time of harvest 
The interaction between herbicide and rate indicated that the ADF content of alfalfa from 
the sethoxydim treatments decreased as herbicide rate increased. The interaction between 
herbicide, rate and time of application indicated however, that the decrease in ADF content 
of alfalfa from the sethoxydim treatments occurred only when applied late postemergence. 
The decreasing trend in the ADF content of alfalfa may be attributed more to variability in 
stand establishment than differences in weed control between treatments. 
The ADF content of the annual grass weeds in the untreated check (34.2%) was similar 
to the ADF content of alfalfa in the untreated check (Table 6.8). In general, herbicide 
treatments reduced the average ADF content of the annual grass weeds (32.2%) by 6% 
compared to the ADF content of the annual grass weeds in the untreated check. The pooled 
annual grass weed samples from the herbicide treatments indicated that, in general, the 
annual grass weeds remaining in the sethoxydim treatments had a higher ADF content 
(33.6%) compared to the other herbicide treatments (31.5%). The ADF content of the 
annual grass weeds from the fluazifop treatments was lower from the late postemergence 
treatments (30.5%) than the early postemergence treatments (33.3%). The ADF content of 
the annual grass weeds from the haloxyfop and quizalofop treatments (31.1%) were similar. 
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Table 6.7 Forage quality analysis of alfalfa and total forage following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop and 
quizalofop in 1985 (Main effects and interactions). 
_Harvest 1 _ Harvest 2 
Alfalfa Forage Alfalfa Forag 
ADF CP ADF CP ADF CP ADF 
(%) | 
Herbicides 
Sethoxydim 35.8 19.7ab 35.6 19.1b 32.7 213 32.9 
Fluazifop 35 2 193b 35.0 19.0b 33.6 21.1 33.9 
Haloxyfop 35.4 20.4a 353 20.4a 33.6 21.4 33.6 
Quizalofop 353 20.0a 35.2 19.9a 34.0 21.4 34.0 
NS NS NS NS NS 
Rates (g/ha) 
~1T~ 353 20.1 35.1 19.7 33.4 21.7 333 
70 35.7 20.1 35.6 19.9 33.4 213 333 
140 35.2 19.3 353 19.3 33.7 20.8 33.8 
NS L* * ** NS NS NS L* NS 
Time Period 
Early Postemergence 35.8a 19.6 35.7a 19.4b 333 21.2 33.6 
Late Postemergence 35.0b 20.0 34.9b 19.9a 33.4 21.4 33.6 
NS NS NS NS 
Herbicide x Rate (g/ha) 
Herbicide Rate 
Sethoxydim ~35~ 363 20.1 36.0 19.1 323 22.1 32.7 
Sethoxydim 70 373 20.1 36.8 19.4 33.1 213 333 
Sethoxydim 140 33.9 19.0 33.9 18.9 32.7 21.0 32.8 
Q* NS Q* NS NS NS 
NS 
Fluazifop 35 35.7 19.2 35.4 18.8 33.1 21.2 333 
Fluazifop 70 34.4 19.2 343 19.1 33.2 213 33.6 
Fluazifop 140 35.4 19.3 35.4 19.3 34.5 20.8 34.6 
NS NS NS NS NS NS NS 
Haloxyfop 35 35.2 20.9 35.2 20.9 32.8 22.0 32.8 
Haloxyfop 70 35.0 21.0 35.0 21.0 34.2 21.4 34.1 
Haloxyfop 140 35.9 19.4 35.9 19.4 33.8 20.7 33.9 
NS NS NS NS NS NS NS 
Quizalofop 35 34.1 20.2 34.0 20.2 35.2 21.4 35.2 
Quizalofop 70 36.1 20.0 36.1 20.0 33.0 22.0 33.0 
Quizalofop 140 35.6 19.7 35.6 19.7 33.8 20.7 33.8 
NS NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
L = linear, Q = quadratic 
e 
CP 
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The ADF content of the total forage (alfalfa and annual grass weeds) followed the same 
trend as the alfalfa component since the alfalfa component of the total first harvest forage 
from the herbicide treatments was 96%. 
The crude protein (CP) content of alfalfa was greater for the haloxyfop and quizalofop 
treatments than the fluazifop treatments (Tables 6.6-6.7). The CP content of alfalfa was 
similar between the sethoxydim treatments and the other herbicide treatments. The lower 
CP content of alfalfa for the fluazifop treatments was more likely related to variability in 
stand establishment than weed control, since the annual grass control was greater for the 
fluazifop treatments compared to the sethoxydim treatments. In general, the CP content of 
alfalfa decreased as herbicide rate increased. The linear decrease in the CP content of 
alfalfa may be attributed to greater alfalfa growth resulting a lower CP content by the time 
of the first harvest. The time of application had no affect on the CP content of alfalfa. 
The CP content of the annual grass weeds in the untreated check (11.4%) was 41% 
lower than the CP content of alfalfa in the untreated check (19.4%) (Table 6.8). Herbicide 
treatments increased the average CP content of the annual grass weeds (15.7%) by 38% 
compared to the CP content of the annual grass weeds in the untreated check. In general, 
the average CP content of the annual grass weeds from the sethoxydim treatments (14.0%) 
was lower than the average CP content of the annual grass weeds from the other herbicide 
treatments (16.6%). The CP content was lower for the annual grass weeds from the 
sethoxydim and fluazifop treatments when applied early postemergence (13.9%) compared 
to the late postemergence treatments (16.1%). The lower CP content of the annual grass 
weeds from the early postemergence applications of these herbicides may be attributed to 
the longer period of time for annual grass weed regrowth following treatment at sublethal 
use rates. The CP content of the annual grass weeds was similar between the haloxyfop 
and quizalofop treatments (17.2%). 
Herbicide treatments increased the average CP content of the total forage (19.6%) by 
17% compared to the CP content of the total forage in the untreated check (16.8%) 
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(Tables 6.6-6.7). The CP content of the total forage was lower for the sethoxydim and 
fluazifop treatments compared to the haloxyfop and quizalofop treatments due to the higher 
annual grass weed content of the forage from these treatments. In general, the CP content 
of the total first harvest forage was greater for the late postemergence treatments compared 
to the early postemergence treatments. This was attributed to a delayed maturity of the 
forage from the late postemergence treatments by the time of the first harvest due to the 
longer period of weed competition. The CP content of the forage was not affected by the 
rate of application. 
Second Harvest 
Although the ADF content of the annual grass weeds in the untreated check (37.4%) 
was more than 17% greater than the ADF content of alfalfa in the untreated check (31.9%), 
the average ADF content of the total forage from the untreated check (34.3%) was not 
significandy greater than the average ADF content of the total forage from the herbicide 
treatments (33.6%) (Tables 6.6-6.7). This was due to the higher ADF content of alfalfa 
from the herbicide treatments (33.5%) compared to the ADF content of alfalfa from the 
untreated check (31.9%). Herbicide treatments reduced the ADF content of the annual 
grass weeds (33.7%) by nearly 10% compared to the ADF content of the annual grass 
weeds in the untreated check (Table 6.8). The ADF content of alfalfa and the total forage 
was not affected by herbicide, rate or the time of application since annual grass weeds 
comprised only 5% of the total forage yields for the herbicide treatments at the second 
harvest. 
The CP content of alfalfa was not affected by herbicide or the time of application 
(Tables 6.6-6.7). The CP content of alfalfa decreased as the herbicide rate increased. This 
was attributed to faster regrowth of alfalfa from the higher application rates which 
increased the stage of maturity of alfalfa by the time of the second harvest 
The CP content of the annual grass weeds in the untreated check (14.2%) was 37% 
lower than the CP content of alfalfa in the untreated check (22.5%). Herbicide treatments 
208 
increased the average CP content of the total forage (21.0%) by 8% compared to the CP 
content of the total forage of the untreated check (19.5%). The CP content of the annual 
grass weeds was similar between the untreated check (14.2%) and the herbicide treatments 
(15.1%) (Table 6.8). The CP content of the total forage was similar between herbicides 
regardless of the rate or time of application(Tables 6.6-6.7). 
1986 Experiment 
Annual Grass Weed Control 
The sethoxydim and fluazifop treatments and the haloxyfop and quizalofop treatments 
resulted in similar control of large crabgrass and yellow foxtail by July 10 [37 and 26 days 
after the early (DAEP) and late (DALP) postemergence treatments, respectively] 
(Tables 6.9-6.11). The sethoxydim and fluazifop treatments resulted in lower annual 
grass control than the haloxyfop and quizalofop treatments at that time. Annual grass 
control increased in order of the sethoxydim, fluazifop, quizalofop and haloxyfop 
treatments, respectively by July 31 [58 (DAEP) and 47 (DALP)]. Annual grass control 
increased as the herbicide rate increased. The rate response was significant to the cubic 
level. Early and late postemergence treatments resulted in similar annual grass control. 
The interaction between time of application and rate indicated that annual grass control 
increased as herbicide rate increased showing a quadratic and cubic response for the early 
and late postemergence treatments respectively. The late postemergence treatments applied 
at 18 and 35 g/ha appeared more effective for annual grass control on July 10 [37 (DAEP) 
and 26 (DALP)] than when applied the early postemergence due to the recovery of large 
crabgrass and yellow foxtail observed with the early postemergence treatments at that time. 
Both the early and late postemergence treatments applied at 18 and 35 g/ha resulted in 
similar annual grass control by July 31 [58 (DAEP) and 47 (DALP)]. The late 
postemergence treatments applied at 70 and 140 g/ha resulted in lower annual grass control 
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Table 6.9 Annual grass control ratings and botanical composition of the first and second 
harvest forage following early and late postemergence applications of 
sethoxydim, fluazifop, haloxyfop and quizalofop in 1986 (Treatments). 
_Botanical composition_ 
Annual grass control Harvest 1 Harvest 2 
Annual Annual 
Herbicide Rate Time 7A0 7/31 Alfalfa grasses Alfalfa grasses 
Sethoxydim 
(g/ha) 
18 EP 17 
(%) ; 
19 
Sethoxydim 35 EP 20 10 22 78 93 7 
Sethoxydim 70 EP 63 53 42 58 99 1 
Sethoxydim 140 EP 93 92 94 6 99 1 
Sethoxydim 18 LP 48 18 22 78 89 11 
Sethoxydim 35 LP 62 38 33 66 98 2 
Sethoxydim 70 LP 67 47 41 59 96 4 
Sethoxydim 140 LP 88 90 78 22 95 5 
Fluazifop 18 EP 12 13 27 73 96 4 
Fluazifop 35 EP 52 32 31 69 87 13 
Fluazifop 70 EP 88 87 79 21 98 2 
Fluazifop 140 EP 93 95 93 7 100 0 
Fluazifop 18 LP 18 15 22 78 97 3 
Fluazifop 35 LP 70 50 36 64 98 2 
Fluazifop 70 LP 68 43 38 62 93 7 
Fluazifop 140 LP 80 77 65 35 98 2 
Haloxyfop 18 EP 27 20 34 66 94 6 
Haloxyfop 35 EP 83 83 63 37 94 6 
Haloxyfop 70 EP 100 95 98 2 99 1 
Haloxyfop 140 EP 100 100 100 0 100 0 
Haloxyfop 18 LP 80 67 46 54 99 1 
Haloxyfop 35 LP 83 78 63 37 96 4 
Haloxyfop 70 LP 90 90 85 15 99 1 
Haloxyfop 140 LP 95 97 91 9 99 1 
Quizalofop 18 EP 50 30 33 67 90 10 
Quizalofop 35 EP 78 65 49 51 92 8 
Quizalofop 70 EP 93 90 80 20 100 0 
Quizalofop 140 EP 100 95 99 1 100 0 
Quizalofop 18 LP 37 25 25 75 91 9 
Quizalofop 35 LP 68 57 42 58 96 4 
Quizalofop 70 LP 87 88 72 28 98 2 
Quizalofop 140 LP 93 92 84 13 97 3 
Control 0** 0** 13** 87** 89* 11* 
Control mean value vs herbicide mean value 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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Table 6.10 Annual grass control ratings and botanical composition of the first and second 
harvest forage following early and late postemergence applications of 
sethoxydim, fluazifop, haloxyfop and quizalofop in 1986 (Main effect and 
interactions). 
Annual grass control 
Botanical composition 
Harvest 1 Harvest 2 
7/10 7/31 Alfalfa 
Annual 
grasses Alfalfa 
Annual 
grasses 
w JIwwawXwIwXv 
Herbicides 
Sethoxydim 57b 44d 44c 56a 95 5 
Fluazifop 60b 51c 49c 51a 96 4 
Haloxyfop 82a 79a 72a 28c 98 2 
Quizalofop 76a 68b 61b 39b 96 4 
NS NS 
Rates (g/ha) 
IF" 36 24 28 72 94 6 
35 65 52 42 57 94 6 
70 82 74 67 33 98 2 
140 93 92 88 12 98 2 
C** C* Q** Q** L** L** 
Time Period 
Early Postemerg ence 67 60 60a 40b 96 4 
Late Postemergence 71 61 53b 47a 96 4 
NS NS NS NS 
Herbicide x Rate (g/ha) 
Herbicide Rate 
Sethoxydim 18 33 11 20 80 92 8 
Sethoxydim 35 41 24 28 72 95 5 
Sethoxydim 70 65 50 42 58 98 2 
Sethoxydim 140 91 91 86 14 97 3 
L** L** L** L** NS NS 
Fluazifop 18 15 14 24 75 97 3 
Fluazifop 35 61 41 33 67 92 8 
Fluazifop 70 78 65 58 42 96 4 
Fluazifop 140 87 86 79 21 99 1 
C** Q** L** L** NS NS 
Haloxyfop 18 53 43 40 60 97 3 
Haloxyfop 35 83 81 63 37 95 5 
Haloxyfop 70 95 93 91 9 99 1 
Haloxyfop 140 98 98 95 5 100 0 
Q** C** Q** Q** NS NS 
Quizalofop 18 43 28 29 71 91 9 
Quizalofop 35 73 61 46 54 94 6 
Quizalofop 70 90 89 76 24 99 1 
Quizalofop 140 97 93 92 7 99 1 
Q** Q** Q** Q* Q* 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
L = linear, Q = quadratic, C = cubic 
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than the early postemergence treatments. Herbicides applied late postemergence at the 70 
g/ha rate, in particular, resulted in lower annual grass control than when applied early 
postemergence. 
The interaction between herbicide and time of application indicated that the sethoxydim 
treatments applied late postemergence appeared more effective than the early postemergence 
treatments on July 10 [37 (DAEP) and 26 (DALP)] due to both reduced recovery of large 
crabgrass and yellow foxtail and the germination of seedling grasses. The interaction 
between herbicide, time of application and rate indicated that the lower annual grass control 
observed for the early postemergence treatments of sethoxydim were confined primarily to 
the 18 and 35 g/ha rates. The sethoxydim, haloxyfop and quizalofop treatments effectively 
controlled annual grass weeds when applied both early and late postemergence by July 31 
[58 (DAPE) and 47 (DALP)]. The fluazifop treatments applied late postemergence 
resulted in lower annual grass control than the early postemergence treatments at that time. 
The interaction between herbicide, time of application and rate indicated that the reduced 
annual grass control observed with the fluazifop treatments when applied late 
postemergence were confined primarily to the 70 and 140 g/ha rates. 
The interaction between herbicide and rate indicated that increasing the rate of 
sethoxydim resulted in a linear increase in annual grass control. Increasing the rate of 
quizalofop resulted in a quadratic increase in annual grass control. The rate response for 
the fluazifop and the haloxyfop treatments varied over time with the increase in annual 
grass control significant to either the quadratic or cubic level as the herbicide rate increased. 
The rate response for the fluazifop and haloxyfop treatments showed the increase in annual 
grass control was significant to the quadratic and cubic levels respectively as the herbicide 
rate increased. 
All herbicide treatments resulted in similar annual grass control when applied at 
140 g/ha. Fluazifop treatments resulted in greater annual grass control than the sethoxydim 
treatments when applied at 35 and 70 g/ha but were less effective than the haloxyfop and 
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the quizalofop treatments at those rates. The haloxyfop treatments resulted in greater 
annual grass control than the other herbicide treatments when applied at 18 g/ha. The 
fluazifop and the quizalofop treatments resulted in similar annual grass control when 
applied at 18 g/ha, however, the sethoxydim treatments resulted in lower annual grass 
control than the quizalofop treatments. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 13% alfalfa and 
87% annual grass weeds. (Tables 6.9-6.11). The average botanical composition of the 
herbicide treatments was 56% alfalfa and 43% annual grass weeds. Annual broadleaf 
weeds comprised less than 1% of the total forage yield. The alfalfa component of the 
forage from the herbicide treatments ranged between 19 and 100% depending upon the 
herbicide treatment 
In general, the botanical composition of the forage was similar between the sethoxydim 
and the fluazifop treatments at the first harvest. Forage from the sethoxydim and fluazifop 
treatments had a greater annual grass component and lower alfalfa component than the 
forage from the haloxyfop and the quizalofop treatments. Forage from the haloxyfop 
treatments had the highest alfalfa component and lowest annual grass component compared 
to the forage from the other herbicide treatments. In general, the alfalfa component of the 
forages increased and the annual grass component decreased following a quadratic 
response as the herbicide rate increased. 
In general, the botanical composition of the forage was different between the early and 
late postemergence herbicide treatments. Forage from the early postemergence treatments 
had a higher alfalfa component and a lower annual grass component than the late 
postemergence treatments. The interaction between the time of application and rate 
indicated that the change in the botanical composition of the forage (increased alfalfa 
component, reduced annual grass component) followed a quadratic and linear response for 
the early and late postemergence treatments respectively as the herbicide rate increased 
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Forage from the early postemergence treatments had a greater alfalfa component and a 
lower annual grass component at the 70 and 140 g/ha rates than when applied late 
postemergence. The botanical composition was similar between both the early and late 
postemergence treatments at the 18 and 35 g/ha rates. 
The interaction between herbicide and rate indicated that the change in the botanical 
composition of the forage (increased alfalfa component, reduced annual grass component) 
followed a linear response for the sethoxydim and the fluazifop treatments and a quadratic 
response for the haloxyfop and the quizalofop treatments as the herbicide rate increased. 
The botanical composition was similar between all the herbicide treatments at the 140 g/ha 
rate. Forage from the fluazifop treatments had a greater alfalfa component and a lower 
annual grass component than the sethoxydim treatments at the 70 g/ha rate, however, 
forage from the fluazifop treatments had a lower alfalfa component and a greater annual 
grass component than the haloxyfop and the quizalofop treatments. Forage from the 
haloxyfop treatments had a greater alfalfa component and a lower annual grass component 
than the other herbicide treatments at the 35 g/ha rate. The botanical composition was 
similar between the sethoxydim and the fluazifop treatments at that rate, however, forage 
from the quizalofop treatments had a greater alfalfa component and lower annual grass 
component than the sethoxydim and fluazifop treatments. The botanical composition was 
similar among the fluazifop, haloxyfop and quizalofop treatments at the 18 g/ha rate. The 
forage from the sethoxydim treatments had a higher annual grass component and a lower 
alfalfa component than the forage from the haloxyfop treatments at that rate. 
Little, if any, annual grass regrowth occurred by the time of the second harvest. The 
botanical composition of the untreated check was 89% alfalfa and 11% annual grass 
weeds. The average botanical composition of the herbicide treatments was 96% alfalfa and 
3% annual grass weeds. There was no difference in the botanical composition among 
herbicide treatments or the time of application. In general, the alfalfa component of the 
forage increased and the annual grass component decreased as herbicide rate increased 
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following a linear response. The interaction between the time of application and rate 
indicated that the botanical composition of the forage was similar for the late postemergence 
treatments at all rates of application. The change in the botanical composition of the forage 
(increased alfalfa component, reduced annual grass component) for the early 
postemergence treatments followed a cubic response as the herbicide rate increased. The 
botanical composition of the forage was similar among the early and late postemergence 
treatments when applied at 18,70 and 140 g/ha. Forage from the herbicide treatments 
applied early postemergence at 35 g/ha had a higher annual grass component and a lower 
alfalfa content at the second harvest than when applied late postemergence. 
Forage Yields 
Sethoxydim, fluazifop, haloxyfop and quizalofop applied at 18, 35, 70 and 140 g/ha 
both early and late postemergence reduced average first harvest annual grass yields 
(2512 kg/ha) by 59% compared to the annual grass yields of the untreated check (6064 
kg/ha) (Tables 6.12-6.13). Herbicide treatments reduced annual grass yields between 12 
and 100% compared to the annual grass yields of the untreated check. Annual grass yields 
were similar between the early and late postemergence treatments. Herbicide treatment, the 
rate of application and interactions between herbicide and rate affected first harvest annual 
grass yields. 
Increasing the herbicide rate decreased average annual grass yields following a quadratic 
response. Average annual grass yields at the first harvest decreased in order of the 
sethoxydim, fluazifop, quizalofop, and haloxyfop treatments respectively. The annual 
grass yield reduction differed among herbicide treatments as herbicide rate increased. 
Increasing the rate of sethoxydim resulted in a linear decrease in annual grass yields. The 
annual grass yield reduction for the other herbicide treatments followed a quadratic 
response as the herbicide rate increased. 
Haloxyfop applied at 18 g/ha resulted in lower annual grass yields than the other 
herbicide treatments at that rate. The sethoxydim and fluazifop treatments and the 
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Table 6.12 Dry matter yields of annual grasses and alfalfa following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, and 
quizalofop in 1986 (Treatments). 
Herbicide Rate Tune 
Annual grasses Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Sethoxydim 
Cg/ha) 
18 T 
(kg/ha) 
5330 
Sethoxydim 35 EP 5110 100 5210 1400 1470 2870 
Sethoxydim 70 EP 3510 20 3530 2510 1750 4260 
Sethoxydim 140 EP 240 20 260 4240 1880 6120 
Sethoxydim 18 LP 5070 120 5190 1370 1270 2640 
Sethoxydim 35 LP 4230 30 4260 2120 1710 3840 
Sethoxydim 70 LP 3350 50 3400 2400 1590 3980 
Sethoxydim 140 LP 820 70 890 3180 1850 5020 
Fluazifop 18 EP 4800 60 4860 1680 1620 3290 
Fluazifop 35 EP 4230 170 4400 1870 1280 3150 
Fluazifop 70 EP 960 30 990 3470 1710 5180 
Fluazifop 140 EP 270 10 280 3550 1830 5380 
Fluazifop 18 LP 5330 40 5370 1540 1470 3010 
Fluazifop 35 LP 3440 40 3480 1970 1610 3590 
Fluazifop 70 LP 2820 90 2900 1970 1390 3360 
Fluazifop 140 LP 1660 30 1690 2870 1750 4620 
Haloxyfop 18 EP 4150 90 4240 2130 1350 3470 
Haloxyfop 35 EP 1850 90 1930 3040 1730 4780 
Haloxyfop 70 EP 80 10 100 3940 1870 5820 
Haloxyfop 140 EP 0 0 0 4230 2030 6250 
Haloxyfop 18 LP 3060 10 3070 2510 1700 4210 
Haloxyfop 35 LP 1870 70 1940 3280 1700 4980 
Haloxyfop 70 LP 620 10 640 3190 1850 5040 
Haloxyfop 140 LP 310 10 320 3620 1900 5520 
Quizalofop 18 EP 4370 120 4490 2090 1260 3350 
Quizalofop 35 EP 2320 110 2420 2220 1260 3490 
Quizalofop 70 EP 960 0 960 3770 1940 5710 
Quizalofop 140 EP 20 0 20 3770 1950 5720 
Quizalofop 18 LP 4690 120 4810 1520 1360 2880 
Quizalofop 35 LP 3200 60 3260 2430 1580 4010 
Quizalofop 70 LP 1240 30 1270 3130 1790 4920 
Quizalofop 140 LP 510 50 560 3180 1810 4990 
Control 6060** 130** 6190** 950** 1140** 2090** 
EP = early postemergence, LP = late postemergence 
Control mean value vs herbicide mean value 
NS = no significance 
** = highly significant (P<0.05) 
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Table 6.13 Dry matter yields of annual grasses and alfalfa following early and late 
postemergence applications of sethoxydim, fluazifop, haloxyfop, and 
quizalofop in 1986 (Main effects and interactions). 
Annual grasses Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
(kg/ha) 
Herbicides 
Sethoxydim 3450a 60 3510a 2300b 1610 3910b 
Fluazifop 2940b 60 3000b 2370b 1580 3950b 
Haloxyfop 1490d 40 1530d 3240a 1770 5010a 
Quizalofop 2160c 60 2220c 2760b 1620 4380ab 
NS NS 
Rates (g/ha) 
18 4590 80 4670 1750 1420 3170 
35 3280 80 3360 2290 1540 3840 
70 1690 30 1720 3050 1740 4780 
140 480 20 500 3580 1870 5450 
Q** L" Q** Q** L** Q* 
Time Period 
Early Postemergence 2380 50 2440 2820 1640 4460 
Late Postemergence 2640 50 2690 2520 1650 4160 
NS NS NS NS NS NS 
Herbicide x ^ate (g/ha) 
Herbicide Rate 
Sethoxydim 18 5180 90 5260 1270 1310 2580 
Sethoxydim 35 4670 70 4740 1760 1590 3350 
Sethoxydim 70 3430 40 3470 2450 1670 4120 
Sethoxydim 140 530 50 580 3710 1860 5570 
L** NS L** L** L** 
Fluazifop 18 5060 50 5120 1610 1540 3150 
Fluazifop 35 3840 100 3940 1920 1450 3370 
Fluazifop 70 1890 60 1950 2720 1550 4270 
Fluazifop 140 970 20 990 3210 1790 5000 
Q** NS Q** L** L** 
Haloxyfop 18 3610 50 3660 2320 1520 3840 
Haloxyfop 35 1860 80 1940 3160 1710 4880 
Haloxyfop 70 350 10 370 3570 1860 5430 
Haloxyfop 140 160 0 160 3930 1960 5890 
Q** NS Q** L** L** 
Quizalofop 18 4530 120 4650 1810 1310 3120 
Quizalofop 35 2760 80 2840 2320 1420 3750 
Quizalofop 70 1100 10 1110 3450 1870 5310 
Quizalofop 140 270 20 290 3480 1880 5350 
Q** L** Q** Q* Q* 
Time Period x Rate (g/ha) 
Time Rate 
Early Post 18 4650 80 4730 1760 1390 3160 
Early Post 35 3370 120 3490 2130 1440 3570 
Early Post 70 1380 20 1390 3420 1820 5240 
Early Post 140 130 10 140 3950 1920 5870 
Q** C** Q** Q** L** Q* 
Late Post 18 4540 80 4610 1740 1450 3190 
Late Post 35 3190 50 3230 2450 1650 4100 
Late Post 70 2010 50 2050 2670 1650 4320 
Late Post 140 830 40 870 3210 1820 5040 
Q* NS Q* L** NS L** 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance; * = significant (P<0.05); ** = highly significant (PcO.Ol) 
L = linear, Q = Quadratic, C = Cubic 
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haloxyfop and quizalofop treatments resulted in similar annual grass yields when applied at 
35 g/ha. The sethoxydim treatments resulted in greater annual grass yields than the other 
herbicide treatments when applied at 70 g/ha. Fluazifop treatments resulted in greater 
annual grass yields than the haloxyfop treatments at the 70 g/ha but the fluazifop and 
quizalofop treatments resulted in similar annual grass yields at that rate. All herbicide 
treatments resulted in similar annual grass yields at the 140 g/ha rate. 
Herbicide treatments increased average first harvest alfalfa yields (2667 kg/ha) by 180% 
compared to the alfalfa yields of the untreated check (950 kg/ha). Herbicide treatments 
increased alfalfa yields between 22 and 346% compared to the alfalfa yield of the untreated 
check. Herbicide treatments, the rate of application and interactions between herbicide, rate 
and the time of application affected first harvest alfalfa yields. 
Haloxyfop treatments resulted in greater first harvest alfalfa yields than the other 
herbicide treatments. Alfalfa yields were similar among the other herbicide treatments. 
Alfalfa yields increased as herbicide rate increased following a quadratic response. 
Increasing the rate of sethoxydim, fluazifop and haloxyfop resulted in a linear increase in 
alfalfa yields. Increasing the rate of quizalofop resulted in a quadratic increase in alfalfa 
yields. Alfalfa yields showed a positive response to the early postemergence treatments 
although average alfalfa yields were not different between the early and late postemergence 
treatments. The interaction between time of application and herbicide rate indicated that 
early and late postemergence treatments resulted in a quadratic and linear increase in alfalfa 
yields respectively, as the herbicide rate increased. Early and late postemergence 
treatments resulted in similar alfalfa yields at the 18 and 35 g/ha rates however, early 
postemergence treatments resulted in greater alfalfa yields at the 70 and 140 g/ha rates. 
Annual grass regrowth by the time of the second harvest was only 2% of the total 
seasonal annual grass yields. Average annual grass yields from the herbicide treatments 
(53 kg/ha) remained lower than the annual grass yields of the untreated check (133 kg/ha). 
In general, herbicide treatments resulted in similar annual grass yields at the 70 and 140 
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g/ha rates and the 18 and 35 g/ha rates. Increasing the herbicide rate resulted in a linear 
decrease in annual grass yields. Annual grass regrowth from the quizalofop treatments 
was most affected by herbicide rate. The interaction between time of application and rate 
indicated that average annual grass yields for the early postemergence treatments decreased 
as the herbicide rate increased showing a cubic response. The late postemergence 
treatments resulted in similar annual grass yields at all application rates. 
Herbicide treatments increased average second harvest alfalfa yields (1644 kg/ha) by 
44% compared to the alfalfa yields of the untreated check (1140 kg/ha). Increasing the 
herbicide rate resulted in a linear increase in alfalfa yields. The alfalfa yields for the 
quizalofop treatments were most affected by herbicide rate. 
Total annual grass yields followed the same trend as the annual grass yield response at 
the first harvest This trend was anticipated since 98% of the total annual grass growth had 
occurred prior to the first harvest. This indicates the importance of annual grass weeds in 
seedling alfalfa prior to the first harvest during the establishment year. 
Herbicide treatment and the rate of application affected total alfalfa yields. Haloxyfop 
treatments resulted in greater total alfalfa yields than the fluazifop and sethoxydim 
treatments. The haloxyfop and quizalofop treatments resulted in similar alfalfa yields. 
Increasing the herbicide rate resulted in a quadratic increase in total alfalfa yields. Total 
alfalfa yields showed the same trend with respect to herbicide and rate and the time of 
application and rate as the first harvest alfalfa yields. 
Forage Quality 
First Harvest 
Herbicide treatments increased the average acid detergent fiber (ADF) content of alfalfa 
(alfalfa component) (45.5%) by 8% compared to the ADF content of alfalfa from the 
untreated check (42.3%) (Tables 6.14-6.15). The lower ADF content of alfalfa in the 
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Table 6.14 Forage quality analysis of the first harvest alfalfa, annual grass weeds and 
total forage following early and late postemergence applications of 
sethoxydim, fluazifop, haloxyfop, and quizalofop in 1986 (Treatments). 
Herbicide Rate Time 
Alfalfa 
Annual 
grasses Forage 
ADF CP ADF CP ADF CP 
(g/ha) iiiiiiiiin (*) 
Sethoxydim 18 EP 45.1 193 453 8.9 45.4 10.8 
Sethoxydim 35 EP 46.0 183 45.8 93 45.9 113 
Sethoxydim 70 EP 46.0 19.0 44.0 11.6 44.9 14.7 
Sethoxydim 140 EP 43.8 19.6 38.0 12.9 43.4 19.2 
Sethoxydim 18 LP 44.4 203 44.9 9.7 44.9 11.7 
Sethoxydim 35 LP 46.6 17.9 43.6 10.2 44.8 12.6 
Sethoxydim 70 LP 46.0 19.4 41.1 11.7 43.2 14.8 
Sethoxydim 140 LP 45.4 19.6 38.6 14.1 443 18.2 
Fluazifop 18 EP 48.2 18.6 433 103 44.9 12.6 
Fluazifop 35 EP 46.1 19.1 44.0 10.6 44.9 13.0 
Fluazifop 70 EP 46.7 19.0 40.1 13.0 453 17.7 
Fluazifop 140 EP 44.0 20.1 35.6 14.1 43.4 19.7 
Fluazifop 18 LP 44.9 20.2 45.0 10.2 45.0 123 
Fluazifop 35 LP 44.1 213 423 11.6 43.0 15.0 
Fluazifop 70 LP 44.4 19.8 43.2 11.0 44.0 14.1 
Fluazifop 140 LP 46.1 20.1 41.4 123 45.6 17.1 
Haloxyfop 18 EP 46.4 19.0 44.8 9.7 45.4 12.8 
Haloxyfop 35 EP 473 18.7 40.7 11.8 44.7 16.0 
Haloxyfop 70 EP 45.4 19.1 33.6 14.9 45.1 19.0 
Haloxyfop 140 EP 44.8 193 44.8 193 
Haloxyfop 18 LP 46.7 18.1 42.9 12.2 44.6 14.8 
Haloxyfop 35 LP 44.3 21.0 40.1 13.3 433 17.7 
Haloxyfop 70 LP 43.8 21.4 37.9 15.6 42.9 203 
Haloxyfop 140 LP 46.7 20.2 363 15.1 46.0 19.6 
Quizalofop 18 EP 46.8 18.9 44.2 9.7 453 12.7 
Quizalofop 35 EP 43.7 21.6 42.0 10.8 43.2 16.0 
Quizalofop 70 EP 49.0 183 413 11.7 473 17.0 
Quizalofop 140 EP 46.4 19.4 46.4 19.4 
Quizalofop 18 LP 46.1 19.6 44.6 103 45.2 12.6 
Quizalofop 35 LP 44.1 20.7 41.9 11.1 42.9 15.1 
Quizalofop 70 LP 44.2 19.2 39.7 13.8 43.0 17.7 
Quizalofop 140 LP 43.2 213 37.8 14.8 423 20.4 
Control 42.2* 193NS 44.3* 8.1** 44.0NS 9.6** 
EP = early postemergence, LP = late postemergence 
Control mean value vs herbicide mean value 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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Table 6.15 Forage quality analysis of the first harvest alfalfa, annual grass weeds and 
total forage following early and late postemergence applications of 
sethoxydim, fluazifop, haloxyfop, and quizalofop in 1986 (Main effects and 
interactions). 
Alfalfa 
Annual 
grasses Forage 
ADF CP ADF CP ADF CP 
| (%) 
Herbicides 
Sethoxydim 45.4 19.2 44.1a 10.3c 44.6 14.2d 
Fluazifop 45.6 19.8 43.0ab 11.1b 44.5 15.2c 
Haloxyfop 45.6 19.6 40.0c 12.9a 44.6 173a 
Quizalofop 45.4 19.9 423b 113b 443 163b 
NS NS NS 
Rates (g/ha) 
18 46.1 193 44.4 10.2 45.1 12.6 
35 453 19.8 423 11.1 44.1 14.6 
70 45.7 19.4 40.1 12.9 44.5 16.9 
140 45.0 19.9 44.5 19.1 
NS NS L** L** NS Q** 
Time Period 
Early Postemergence 46.0 19.2b 423 11.0b 45.0a 15.7 
Late Postemergence 45.0 20.0a 423 11.7a 44.1b 15.9 
NS NS NS 
Herbicide x Rate (g/ha) 
Herbicide Rate 
Sethoxydim 18 44.7 19.9 45.2 93 45.1 113 
Sethoxydim 35 463 18.1 44.7 9.8 45.4 12.0 
Sethoxydim 70 46.0 19.2 42.6 11.7 44.0 14.8 
Sethoxydim 140 44.6 19.6 43.9 18.7 
NS C* L* L** NS L** 
Fluazifop 18 46.6 19.4 443 10.4 44.9 123 
Fluazifop 35 45.1 20.2 43.2 11.1 43.9 14.0 
Fluazifop 70 453 19.4 41.6 12.0 44.8 15.9 
Fluazifop 140 45.0 20.1 44.5 18.4 
NS NS L* L* NS L** 
Haloxyfop 18 463 183 43.8 10.9 45.0 13.8 
Haloxyfop 35 45.8 19.9 40.4 123 44.0 16.9 
Haloxyfop 70 44.6 20.2 35.7 15.2 44.0 19.7 
Haloxyfop 140 45.7 19.7 45.4 19.4 
NS NS L** L** NS Q** 
Quizalofop 18 46.4 193 44.4 10.1 45.2 12.6 
Quizalofop 35 43.9 21.1 41.9 10.9 43.0 153 
Quizalofop 70 46.6 18.8 40.6 12.8 45.3 173 
Quizalofop 140 44.8 203 44.3 19.9 
NS C** Q** L** NS Q* 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
L = linear, Q = quadratic, C = cubic 
not significantly different at the 5% 
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untreated check was attributed to the annual grass weed competition which restricted the 
alfalfa growth. The ADF content of alfalfa was similar among herbicides, rates and times 
of application. 
Herbicide treatments reduced the average ADF content of the annual grass weeds 
(41.5%) by 6% compared to the ADF content of the annual grass weeds from the untreated 
check (44.3%). Herbicide treatments reduced the ADF content of the annual grass weeds 
between 0 and 24% compared to the ADF content of the annual grass weeds of the 
untreated check. 
Haloxyfop and quizalofop applied early postemergence at 140 g/ha eliminated the 
annual grass weeds. Therefore, herbicides, rates and methods were compared at the 18, 
35 and 70 g/ha rates with single degree of freedom comparisons used for the remaining 
treatments. Haloxyfop treatments were more effective in reducing the growth of the annual 
grass weeds compared to the other herbicide treatments as evidenced by the lower ADF 
content of the annual grass weeds. The ADF content of the annual grass weeds was lower 
for the quizalofop treatments than the sethoxydim treatments. Herbicide rate affected the 
ADF content of the annual grass weeds. The ADF content of the annual grass weeds 
decreased linearly as herbicide rate increased. The herbicide and rate interaction indicated, 
however, that the rate response was primarily due to the change in the ADF content of the 
annual grass weeds from the quizalofop and haloxyfop treatments which followed a 
quadratic and linear response respectively as herbicide rate increased. The ADF content of 
the annual grass weeds decreased linearly as the rate of sethoxydim and fluazifop 
increased. 
Herbicide treatments applied at 140 g/ha reduced the average ADF content of the annual 
grass weeds (38.0%) by 10% compared to the average ADF content of the annual grass 
weeds from herbicide treatments applied at the 18, 35 and 70 g/ha rates (42.4%). Annual 
grass weeds from fluazifop applied late postemergence at 140 g/ha had a higher ADF 
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content (41.4%) than the annual grass weeds from the early postemergence treatments of 
fluazifop (35.6%). This was attributed to reduced efficacy of fluazifop when treatment 
was delayed. 
The average ADF content of the total forage (alfalfa and annual grasses) was not 
different between the herbicide treatments and the untreated check. The average ADF 
content of the forage was lower when the herbicides were applied late postemergence 
(44.1%) than early postemergence (45.0%) as a result of growth suppression attributed to 
the delay in treatment 
The crude protein (CP) content of alfalfa was similar between herbicide treatments and 
the untreated check. The CP content of alfalfa was similar among herbicide treatments. 
The average CP content of alfalfa from the late postemergence treatments (20.0%) was 
increased 4% compared to the CP content of alfalfa from the early postemergence 
treatments (19.2%). The lower CP content of the alfalfa forage from the early 
postemergence treatments was attributed to increased forage maturity by the time of the first 
harvest due to earlier control of the annual grass weeds. Increasing the herbicide rate had 
no affect on the CP content of alfalfa, although the herbicide and rate interaction showed 
some variation in CP content. 
Herbicide treatment affected the CP content of the annual grass weeds. The CP content 
of the annual grass weeds in the untreated check (8.1%) was 27% lower than the average 
CP content of the annual grass weeds from the herbicide treatments (11.1%). A 
comparison of the CP content of the annual grass weeds for sethoxydim, fluazifop, 
haloxyfop and quizalofop applied at the 18, 35 and 70 g/ha indicated haloxyfop was more 
effective in reducing annual grass growth than the other herbicide treatments as evidenced 
by the higher CP content of the annual grass weeds. The CP content of the annual grass 
weeds from the sethoxydim treatments was lower than the CP content of the annual grass 
weeds from the fluazifop and quizalofop treatments. The CP content of the annual grass 
weeds was similar between the fluazifop and quizalofop treatments. 
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The CP content of the annual grass weeds was affected by herbicide rate. The CP 
content of the annual grass weeds showed a linear increase as herbicide rate increased. The 
CP content of the annual grass weeds was greater for the late postemergence treatments 
(11.7%) compared to the early postemergence treatments (11.0%) due to the shorter 
period for annual grass regrowth following treatment resulting in delayed maturity for the 
annual grass weeds from the late postemergence treatments by the time of the first harvest 
The average CP content of the annual grass weeds from herbicide treatments applied at 140 
g/ha (13.9%) was 22% greater than the average CP content of the annual grass weeds from 
herbicide treatments applied at the 18, 35 and 70 g/ha rates (11.4%). 
The CP content of alfalfa from the untreated check (19.5%) was 141% greater than the 
CP content of the annual grass weeds (8.1%) from the untreated check. The large 
difference in the CP content between the alfalfa and the annual grass weeds had a 
significant effect on the CP content of the first harvest forage. Herbicide treatments 
increased the average CP content of the total forage (15.8%) by 65% compared to the CP 
content of the forage from the untreated check (9.6%). Herbicide treatments increased the 
CP content of the forage between 13 and 114%. 
The CP content of the forage was affected by herbicide treatment and rate of application. 
The average CP content of the forage was lower for the sethoxydim treatments than the 
other herbicide treatments. This was due to the lower annual grass control obtained with 
sethoxydim compared to the other herbicide treatments when applied at sublethal rates, 
which resulted in a higher annual grass weed content in the forage. The CP content of the 
forage increased with increasing herbicide rate. The increase in the CP content of the 
forage followed a quadratic response. The interaction between herbicide and rate indicated 
the CP content of the forage increased linearly as the rate of sethoxydim and fluazifop 
increased while the increase in the CP content of the forage from the haloxyfop and 
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quizalofop treatments followed a quadratic response. This was due to the greater weed 
control obtained with haloxyfop and quizalofop particularly when applied at 35 and 70 
g/ha. 
Second Harvest 
Little if any annual grass weeds were present at the time of the second harvest A 
pooled sample of the annual grass weeds showed the ADF content was 32.7% and the CP 
content was 18.9%. While the forage quality of the annual grass weeds remained inferior 
to that of alfalfa, the overall forage quality was not affected due to the absence of 
significant weed growth. The ADF content of the forage from the untreated check (28.7%) 
was 7% lower than the average ADF content of the forage from the herbicide treatments 
(31.0%) (Table 6.16). The CP content of the forage from the untreated check (27.8%) 
was 4% greater than the average CP content of the forage from the herbicide treatments 
(26.7%). The ADF content of the forage showed a linear increase with increasing 
herbicide rate while the CP content of the forage showed a linear decrease with increasing 
herbicide rate. In general, the CP content of the forage from the haloxyfop treatments was 
lower than the fluazifop treatments. The CP content of the forage was similar between the 
haloxyfop, quizalofop and sethoxydim treatments. The higher forage quality of alfalfa for 
the untreated check and for some herbicide treatments can be attributed to the stress of the 
heavy annual grass competition earlier in the season, which resulted in both slower alfalfa 
regrowth, and delayed forage maturity by the time of the second harvest. 
Discussion. 
Annual grass weeds such as large crabgrass, fall panicum and yellow foxtail reduce 
alfalfa yields and forage quality during the seeding year. Sethoxydim, fluazifop, 
haloxyfop and quizalofop applied at 0.14 kg/ha effectively controlled annual grass weeds 
during both years. Annual grass weeds comprised 69 and 87% of the total first harvest 
forage yields of the untreated check in 1985 and 1986, respectively. Annual grass 
competition must be eliminated prior to the first harvest in order to obtain the greatest 
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Table 6.16 Forage quality analysis of the second harvest alfalfa and total forage following 
early and late postemergence applications of sethoxydim, fluazifop, 
haloxyfop, and quizalofop in 1986. 
Herbicide Rate Time 
Alfalfa Forage 
ADF <3* ADF CP 
(g/ha) .:(%) 
Sethoxydim 18 EP mi 28.6 302 28.1 
Sethoxydim 35 EP 30.0 28.6 303 27.9 
Sethoxydim 70 EP 30.4 26.9 30.4 26.8 
Sethoxydim 140 EP 31.7 24.9 31.8 24.8 
Sethoxydim 18 LP 30.1 27.9 303 26.9 
Sethoxydim 35 LP 30.8 28.8 30.8 28.6 
Sethoxydim 70 LP 31.7 26.2 31.8 25.9 
Sethoxydim 140 LP 31.4 26.1 31.7 25.6 
Fluazifop 18 EP 31.2 28.6 313 28.2 
Fluazifop 35 EP 30.2 28.8 30.8 27.4 
Fluazifop 70 EP 31.9 25.6 31.9 25.4 
Fluazifop 140 EP 31.1 27.6 31.1 273 
Fluazifop 18 LP 30.1 27.7 303 273 
Fluazifop 35 LP 30.4 27.6 303 27.4 
Fluazifop 70 LP 30.1 29.1 30.2 28.4 
Fluazifop 140 LP 316 26.5 32.7 263 
Haloxyfop 18 EP 29.9 28.1 30.1 273 
Haloxyfop 35 EP 31.7 25.8 31.9 25.4 
Haloxyfop 70 EP 31.4 25.5 31.4 253 
Haloxyfop 140 EP 310 25.1 32.0 25.1 
Haloxyfop 18 LP 311 26.9 32.1 26.9 
Haloxyfop 35 LP 30.6 25.8 30.7 253 
Haloxyfop 70 LP 30.7 26.7 30.8 26.7 
Haloxyfop 140 LP 30.8 26.9 30.8 26.9 
Quizalofop 18 EP 29.4 28.9 29.9 27.9 
Quizalofop 35 EP 29.0 28.5 29.2 27.8 
Quizalofop 70 EP 31.7 26.2 31.7 26.1 
Quizalofop 140 EP 31.1 25.0 31.2 25.0 
Quizalofop 18 LP 30.3 27.6 30.7 26.8 
Quizalofop 35 LP 30.4 27.8 303 27.5 
Quizalofop 70 LP 31.6 26.4 31.6 26.2 
Quizalofop 140 LP 30.9 25.9 31.0 25.7 
Control 28.3* 28.8NS 28.7* 27.8NS 
Herbicides 
Sethoxydim 30.8 27.3ab 30.9 26.8 
Fluazifop 30.9 27.7a 31.1 273 
Haloxyfop 31.2 26.4b 31.2 26.2 
Quizalofop 30.6 27.0ab 30.7 26.6 
NS NS NS 
Rates (g/ha) 
~W~ 30.4 28.0 30.6 273 
35 30.4 27.7 30.6 27.2 
70 31.2 26.6 31.2 26.4 
140 31.4 26.0 313 25.9 
L** L** L* L** 
Time Period 
Early Postcmcrgcnce 30.8 27.0 30.9 26.7 
Late Postcmcrgcnce 30.9 27.1 31.0 26.8 
NS NS NS NS 
EP = early postcmcxgencc, LP = late poslcmcrgcnce; L =* linear 
Control mean value vs herbicide mean value 
Means within columns with common letters arc not significantly different at the 
5% level using the Duncan’s multiple range test 
NS = no significance; * = significant (P<0.05); ** = highly significant (P<0.01) 
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increase in alfalfa yield during the year of seeding. Other studies have also shown that 
although the first harvest alfalfa yields can be increased when annual grass and broadleaf 
weeds were controlled (6,15,18, 20) in most cases weed control only had a major effect 
on the first cutting (6,12,16). Annual grass weeds were less competitive after the first 
harvest where annual grass weeds only comprised 32 and 11% of the total forage yields in 
the untreated check by the time of the second harvest in 1985 and 1986, respectively. 
Removal of annual grass weeds from newly seeded alfalfa did not improve total forage 
yields (alfalfa and annual grass weeds) compared to the untreated check because weeds are 
harvested along with the crop. Removal of large crabgrass, fall panicum and yellow foxtail 
prior to the first harvest, however, improved the forage quality of the alfalfa stands during 
the establishment year. Similar studies have also shown that although removal of weeds 
may not improve total forage yields, higher alfalfa yields and increased forage quality can 
be obtained (4, 5, 6, 21). As the percentage of the annual grass weeds in the forage 
decreased the CP content of the forage increased. Leroux and Harvey (11) reported 
similar findings where the CP content of the forage was directly related to the percentage of 
quackgrass lAgropvron repens fL.) Beauv.], orchardgrass (Dactvlis glomerata L.) and 
annual grass weeds in sod-seeded alfalfa. Their results indicated that 66% of the variation 
of the CP content of the forage was accounted for by taking the percentage of grass into 
consideration. 
Alfalfa is grown as the primary source of high protein forage for the dairy industry. 
The presence of annual grass weeds in sufficient quantity will lower the CP content. 
Unlike weeds in row crops, weeds in forage crops contribute to rather than reduce total dry 
matter yields. Therefore, a true assessment of a herbicide, program for legumes such as 
alfalfa should be measured by both the change in forage quality and alfalfa yields. The 
postemergence grass control program for alfalfa can offer greater flexibility and ease of 
application for weed control in both new and established stands of alfalfa. 
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Table 6.30 Analysis of variance for the forage quality of the first harvest annual grass 
weeds following early and late postemergence applications of sethoxydim, 
fluazifop, haloxyfop and quizalofop in 1986. 
Source of 
variation 
ADF CP 
df MS F MS F 
Treatments (Trts) 30 23.80 5.80** 9.99 7.47** 
Control (Q vs other 
treatments 1 22.43 5.46* 41.47 31.02** 
Herbicides (H) 3 55.32 17.40** 21.65 15.46** 
Methods (M) 1 0.90 0.28NS 8.76 6.26* 
Rates (R) 2 110.95 34.89** 46.50 33.21** 
Linear 1 218.85 68.82** 93.01 66.44** 
Quadratic 1 3.04 0.96NS 0.00 0.00NS 
HxM 3 7.56 2.38NS 3.25 2.32NS 
HxR 6 11.00 3.46* 1.92 1.37NS 
MxR 2 5.15 1.62NS 0.89 0.64NS 
H x M x R 6 7.94 2.50* 1.70 1.21NS 
TRTS 4, 8,12,16 
25, 33 vs others 1 134.16 31.63** 44.78 32.60** 
TRTS 4 & 8 vs 
TRTS 12 & 16 1 0.05 0.01NS 0.05 0.04NS 
TRTS 4, 8, 12, 16 
vs TRTS 25 & 33 1 2.95 0.70NS 4.46 3.24NS 
TRT 25 vs TRT 33 1 1.24 0.29NS 0.08 0.06NS 
TRT 4 vs TRT 8 1 0.19 0.05NS 0.70 0.5 INS 
TRT 12 vs TRT 16 1 25.25 5.96* 1.82 1.32NS 
Error a (w) 54 4.11 1.34 
Error b (w) 52 4.24 1.37 
Error c (w) 48 3.18 1.40 
Error a- Trts, Control vs Trts (+C) 
Error b- Among Trts 4,8,12,16,25,33 vs others (-Q 
Error c- H,M,R3 x M,H xR,MxRJlxMxR (-C,-TRTS 4,8,12,16,25,33) 
NS = no significance; * = significant (P<0.05); ** = highly significant (PcO.Ol) 
TRT 4 and 8 - sethoxydim 140 g/ha EP and LP respectively 
TRT 12 and 16 - fluazifop 140 g/ha EP and LP respectively 
TRT 25 - haloxyfop 140 g/ha LP 
TRT 33 - quizalofop 140 g/ha LP 
w = within sum of squares 
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CHAPTER VH 
MAXIMIZING THE YIELD AND QUALITY OF SEEDLING ALFALFA WITH 
BAS 517 02H, A POSTEMERGENCE GRASS HERBICIDE 
Abstract 
The yield and forage quality of a new seeding of alfalfa fMedicago sativa L.) infested 
with large crabgrass fPigitaria sanguinalis (L). Scop.] and yellow foxtail fSetaria lutescens 
(Weigel) F.T. Hubb.] following application of BAS 517 02H [2-[l-ethoxyimino) butyl]-3- 
hydroxy-5-(2H-tetrahydrathiopyran-3-yl)-2-cyclohexene-l-one] at 9, 18, 35,70, and 140g 
ai/ha were determined in a field study. BAS 517 02H applied both early and late 
postemergence at 35, 70 and 140 g/ha gave 90 to 100% control of annual grass weeds. 
The alfalfa component of the first harvest forage increased from 36% to 100% as the rate of 
BAS 517 02H increased from 9 to 140 g/ha. BAS 517 02H treatments increased first 
harvest alfalfa yield between 0 and 129% compared to the alfalfa yield of the untreated 
check. BAS 517 02H applied at 70 and 140 g/ha resulted in no additional increases in first 
harvest alfalfa yields compared to the 35 g/ha rate despite the increased annual grass control 
obtained from these treatments. The reduced grass competition resulted in a positive 
increase in second harvest alfalfa yields although little if any weed pressure was present by 
the time of the second harvest. Although herbicide treatments decreased total forage yields 
(alfalfa and annual grass weeds) compared to the untreated check, the forage quality of the 
first harvest was affected by the annual grass component of the forage at the time of 
harvest. The acid detergent fiber (ADF) content of the first harvest forage was similar 
among treatments. Increasing the rate of BAS 517 02H decreased the neutral detergent 
fiber (NDF) content of the forage between 4 and 20% and increased the crude protein (CP) 
content of the forage between 16 and 59% compared to the NDF and CP content of the 
forage from the untreated check. The higher NDF and the lower CP content of the annual 
grass weeds was the primary factor for forage quality reduction in the new alfalfa seeding. 
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A four-fold reduction in herbicide rate (35 g/ha) resulted in forage quality and alfalfa yields 
similar to that obtained at the highest rate of application (140 g/ha). 
UUK« action 
Unlike weeds in row crops, weeds in forage crops are harvested with the crop. This 
may reduce the feeding value of the crop (3, 5, 14, 21). Alfalfa is a primary source of high 
protein forage for the dairy industry in the Northeast. Annual grasses such as foxtails 
(Sstaria W-) fall panicum (Panicum dichotomiflorum L.) annual bromes (Bromus spp.l 
bamyardgrass [EghinoghlQa crusgalli (L.) Beauv.] and crabgrass (Digitaria spp.l are 
problem weeds in alfalfa in the Northeast. A 1979 study showed economic losses directly 
or indirectly caused by weeds in alfalfa in 12 Northeastern States have been estimated over 
88 million dollars (13). Of this total, 21% was due to loss in alfalfa yield. The largest loss 
attributed to weeds in alfalfa was due to loss in quality which comprised 51% or 45 million 
dollars. 
Annual weed control for conventional seedings of alfalfa has been dominated by 
preplant incorporated materials such as EPTC (S-ethyl dipropylcarbamothioate) and benefin 
(N-butyl-N-ethyl-a,a,a,-trifluoro-2,6-dinitro-p-toluidine) (6, 12, 18). A high proportion of 
the available farmland in the Northeast is hilly or rocky and poses great difficulty for 
establishment of forages by conventional methods. The no-tillage method of alfalfa 
production has allowed for production of alfalfa on these marginal sites. Control of annual 
grass weeds has also been a problem with this method of establishment due to lack of 
residual activity of the commonly used sod suppressants such as paraquat (1,1-dimethyl-4, 
4-bipyridinium ion) and glyphosate [N-(phosphonomethyl) glycine] that require the 
presence of foliage for activity (1). Well decomposed sods have provided favorable 
conditions for annual grass weeds (11, 17). Annual grass control has been a problem 
where seedings are made into old com fields (19). Volunteer grains reduced alfalfa yields 
when seeding alfalfa into grain stubble (25). 
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The development and use of postemergence grass herbicides for alfalfa that does not 
require incorporation for activation for either conventional seedings where effective 
incorporation is not feasible or to control grassy weeds in no-tillage seedings would greatly 
increase the success of alfalfa establishment over a wide range of land sites. A number of 
studies have shown excellent results with several postemergence grass herbicides in both 
conventional and no-tillage alfalfa seedings (7, 8, 9, 10, 26, 27). 
Little information is available on the effects of sublethal rates of these herbicides on the 
botanical composition, yield and quality of forage stands from new alfalfa seedings heavily 
infested with annual grass weeds. The objectives of the research reported here were to 
(a) evaluate the effectiveness of BAS 517 02H for grass control in a new alfalfa seeding, 
(b) determine a minimum acceptable use rate for this herbicide, and (c) to evaluate the 
effects of the various weed infestation levels on the forage composition, yield and quality. 
Materials and Methods 
A field experiment was conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa 'Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 9, 1986. 
BAS 517 02H was applied at 9, 18, 35, 70 and 140 g ai/ha with a CC>2-pressurized 
backpack sprayer in 375 L/ha at 152 kPa, using SS8004 flat-fan nozzles. Early 
postemergence treatments were applied on June 3,1986 when alfalfa was at the 3- to 5- 
trifoliate leaf stage (6- to 9-cm in height). Large crabgrass was at the 3- to 4-leaf stage and 
tillering (8- to 10-cm in height) and yellow foxtail 4- to 5-leaf stage (10- to 13-cm in height) 
at the time of treatment Late postemergence treatments were applied on June 14,1986 
when the alfalfa was at the 6- to 12-trifoliate leaf stage (15- to 25-cm in height). Large 
crabgrass was at the 4-leaf stage and tillering (15-cm in height) and yellow foxtail was at 
the 4- to 5-leaf stage and tillering (30-cm in height). Broadleaf weeds in the experimental 
area [common lambsquarters (Chenopodium album L.), redroot pigweed (Amaranthyg 
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retrpflgxus L.) and common ragweed (Ambrosia artemisiifolia L.) were controlled with a 
blanket application of 2,4-DB [4-(2,4-dichloro-phenoxy) butyric acid] at 1.12 kg ai/ha on 
June 9,1986. A crop oil concentrate was added to all herbicide treatments at the rate of 
1% (vAr) of the total spray solution. 
Treatments were arranged in a randomized complete block with three replications. Plot 
size was 1.5 by 6.0 m. Ratings were made prior to the first harvest on July 9 and 27,1986 
where 0 = no control and 100 = complete control. Alfalfa was harvested on August 1 and 
September 8,1986. Dry matter yields were determined by harvesting a 1-m swath through 
the center of each plot. Edge effects were eliminated prior to harvest by trimming a strip 
from each end of the sampling area. Green weights of all harvested herbage was taken in 
the field. Subsamples were taken from each plot for both dry matter determination and 
botanical separation prior to disturbing the cut sample. Yields were reported on a 100% 
dry matter basis. Botanical separations of the fresh material into alfalfa and annual grass 
weeds were performed by hand and the components were separately dried and weighed. 
No attempt was made to separate annual grass weeds (large crabgrass and yellow foxtail) 
by species. Large crabgrass and yellow foxtail will be referred to as annual grass weeds. 
Data were subjected to analysis of variance (Tables 7.4-7.12). All data except the 
forage quality analysis of the annual grass weed samples were analyzed as a randomized 
complete block factorial with treatment effects assigned to herbicide rate and time of 
application. A single degree of freedom comparison was used to analyze the effects of the 
untreated control versus herbicide treatments. Regression analysis for the rate response 
and Duncan's multiple range test (P< 0.05) for the time of application response were used 
to discuss means where appropriate. 
Botanical separation samples were saved for forage quality analysis. The alfalfa and 
grass components were analyzed separately for analytical moisture, acid detergent fiber, 
neutral detergent fiber and total protein. Where separation samples for annual grasses were 
too small to prepare a separate analysis from each replication, samples were pooled. A 
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statistical analysis of variance for unequal numbers was conducted for grass samples where 
appropriate. Forage quality data was reported on a 100% dry matter basis. Analysis of 
forage samples was determined by Association of Official Analytical Chemists Methods 
(2). Average forage quality for each analysis was then determined by calculation of the 
yield and quality contribution of both the alfalfa and grass component of each harvest. 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (24). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Neutral detergent fiber estimates the plant cell wall content and its 
concentration is inversely related to dry matter intake (22). This assay measured the lignin, 
cellulose and hemicellulose components of the plant Total protein was determined by the 
Kjeldahl procedure (2). The crude protein content was calculated by multiplying total N by 
6.25. 
Results 
Annual Grass Weed Control 
Control of large crabgrass and yellow foxtail increased as the rate of BAS 517 02H 
increased when ratings were recorded on July 9 (36 and 25 days after the early and late 
postemergence treatments, respectively) and July 27 (54 and 43 days after the early and late 
postemergence treatments, respectively) (Table 7.1). The rate response was significant to 
the quartic regression level with the maximum increase in weed control obtained between 
the 9 and 35 g/ha rates. The increased weed control obtained at the 70 and 140 g/ha rates 
was minimal. BAS 517 02H applied both early and late postemergence at 35,70 and 140 
g/ha gave excellent control of large crabgrass and yellow foxtail (90 to 100%). Fair control 
of large crabgrass and yellow foxtail (69%) was obtained at the 18 g/ha rate. BAS 517 
02H when applied at 9 g/ha resulted in minimal control of large crabgrass and yellow 
foxtail (15%). Little variation in weed control was associated with the time of application. 
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Table 7.1 Weed control ratings and botanical composition of the first and second harvest 
forage following early and late postemergence applications of BAS 517 02H. 
Rate Time 
Weed control Botanical composition 
Harvest 1 Harvest 2 
7/9/86 7/27/86 Alfalfa 
Annual 
grasses Alfalfa 
Annual 
grasses 
(g/ha) v/Av/.y>,Y.,.v/Av/.y/. 
K-.'■■■■■■:■ (%) g§ 
9 EP 25 13 30 70 97 3 
18 EP 70 67 67 33 100 0 
35 EP 90 88 88 12 99 1 
70 EP 97 97 97 3 99 1 
140 EP 100 100 100 0 100 0 
9 LP 40 17 42 58 99 1 
18 LP 73 72 62 38 99 1 
35 LP 90 92 90 10 100 0 
70 LP 95 98 99 1 100 0 
140 LP 98 100 100 0 100 0 
Control 0** 0** 27** 73** 98NS 2NS 
Rates 
(g/ha) 
9 33 15 36 64 98 2 
18 72 69 65 36 99 1 
35 90 90 89 11 100 0 
70 96 97 98 2 99 1 
140 99 100 100 0 100 0 
Qua.** Qua.** C** C** C** c** 
Methods 
-EP- 76 73 76 24 99b lb 
LP 79 76 79 21 100a 0a 
NS NS NS NS 
hr = early postemergence; hr = late postemergence 
Control mean value vs herbicide mean value 
NS = no significance; * = significant (P<0.05); ** = highly significant (P<0.01) 
Qua. = quartic; C = cubic 
Means within columns with common letters are not significantly 
different at the 5% level using Duncan's multiple range test. 
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Botanical Composition 
The large crabgrass and yellow foxtail infestation in the new alfalfa seeding was severe 
prior to the first harvest. The botanical composition of the untreated check at the first 
harvest was 27% alfalfa and 73% annual grass weeds (Table 7.1). The rate of application 
affected the botanical composition of the herbicide treatments. The alfalfa component of the 
forage increased and the annual grass weed component decreased as herbicide rate 
increased. The change in the botanical composition was significant to the cubic regression 
level. Increasing the herbicide rate from 9 to 35 g/ha had the greatest impact on the 
botanical composition. The alfalfa component of the forage increased from 36 to 100% as 
the rate of BAS 517 02H increased from 9 to 140 g/ha. The botanical composition of the 
first harvest forage was not affected by the time of application. 
Little, if any, annual grass weed regrowth (1 to 3% of the total forage yields) occurred 
at the second harvest. The botanical composition of the untreated check at the second 
harvest was 98% alfalfa and 2% annual grass weeds. The alfalfa component of the forage 
increased as herbicide rate increased The change in the botanical composition followed a 
linear trend The alfalfa component of the second harvest forage was greater than 99% for 
the 18, 35,70 and 140 g/ha rates of BAS 517 02H. The botanical composition of the 
second harvest forage was affected by the time of application. Forage from the late 
postemergence treatments had a higher alfalfa component compared to the early 
postemergence treatments due to the reduced regrowth of annual grass weeds. 
Forage Yields 
Increasing the rate of BAS 517 02H reduced first harvest annual grass weed yields 
(Table 7.2). Herbicide treatments reduced average annual grass weed yields (1404 kg/ha) 
by 75% compared to the annual grass weed yield of the untreated check (5711 kg/ha). 
Herbicide treatments reduced annual grass weed yields between 14 to 100%. The 
reduction in annual grass weed yields was significant to the cubic regression level. 
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Increasing the herbicide rate from 9 to 35 g/ha resulted in the greatest reduction in annual 
grass weed yields. 
Increasing the rate of BAS 517 02H increased first harvest alfalfa yields. Herbicide 
treatments increased average alfalfa yields (3847 kg/ha) by 86% compared to the alfalfa 
yield of the untreated check (2069 kg/ha). Herbicide treatments increased alfalfa yields 
between 0 and 129%. The alfalfa yield increase was significant to the cubic regression 
level. Alfalfa yields increased as the herbicide rate increased from 9 to 35 g/ha. BAS 517 
02H applied at 70 and 140 kg/ha did not result in additional alfalfa yield increases despite 
the greater annual grass weed control obtained at the rates compared to the 35 g/ha rate. 
Average second harvest annual grass weed yields from the herbicide treatments were 
similar to the annual grass weed yields of the untreated check. Annual grass weed yields 
decreased as the rate of BAS 517 02H increased. The yield decrease showed a significant 
cubic level regression trend. Although little if any annual grass weeds were present at the 
second harvest (1 to 3% of the total forage yields), the greatest reduction in annual grass 
weed yields occurred between the 9 and 18 g/ha rates. Annual grass weed yields were 
affected by the time of application. Late postemergence treatments resulted in lower annual 
grass yields compared to the early postemergence treatments. 
Herbicide treatments increased average second harvest alfalfa yields (2395 kg/ha) by 
19% compared to the alfalfa yield of the untreated check (2013 kg/ha). In general alfalfa 
yields increased as herbicide rate increased. Alfalfa yields were not affected by the time of 
application. Although little if any annual grass growth occurred by the time of the second 
harvest, the reduced grass competition earlier in the season resulted in a positive increase in 
alfalfa yields at the second harvest 
Herbicide rate affected the total seasonal alfalfa and annual grass yields. Annual grass 
weed yields increased and alfalfa yields decreased as herbicide rate increased. The yield 
response was similar to that of the first harvest Total first harvest forage yields (alfalfa 
and annual grass weeds) decreased as the rate of BAS 517 02H increased. The forage 
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yield decrease followed a linear trend as the annual grass weeds were eliminated by 
herbicide treatment. Total second harvest forage yields increased as the rate of BAS 517 
02H increased. Second harvest forage yields for BAS 517 02H at 9 g/ha were most 
affected by the earlier weed competition. Alfalfa regrowth was similar among the 18, 35, 
70 and 140 g/ha rates. 
Forage Quality 
First Harvest 
Increasing the rate of BAS 517 02H did not affect the acid detergent fiber (ADF) content 
of alfalfa (alfalfa component) (Table 7.3). Increasing the herbicide rate decreased the ADF 
content of the annual grass weeds. Sublethal rates of BAS 517 02H acted as growth 
regulator resulting in reducing the stage of maturity for the annual grasses by the time of the 
first harvest. Herbicide treatments had no affect on the ADF content of the total forage 
(alfalfa and annual grass weeds). 
BAS 517 02H had no affect on the neutral detergent fiber (NDF) content of alfalfa. The 
NDF content of the annual grass weeds followed a decreasing trend as herbicide rate 
increased. Herbicide treatments reduced the NDF content of the annual grass weeds 
compared to the NDF content of the annual grass weeds from the untreated check. BAS 
517 02H applied at 35 g/ha reduced the NDF content of the annual grass weeds nearly 7% 
compared to the NDF content of the annual grass weeds of the untreated check. 
The greatest difference in NDF content occurred between the annual grass weeds and 
the alfalfa component The NDF content of alfalfa in the untreated check (55.4%) was 
nearly 25% lower than the NDF content of the annual grass weeds in the untreated check 
(74.0%). Increasing the herbicide rate from 9 to 35 g/ha decreased the NDF content of the 
total forage from 66.2 to 55.0%. The reduction in the NDF content was significant to the 
quadratic regression level. No further reduction in the NDF content of the total forage 
occurred at the 140 g/ha rate since annual grasses weeds were eliminated at the higher 
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Table 7 3 Forage quality analysis following early and late postemergence applications 
of BAS 517 02H. 
Harvest 1 Harvest 2 
Rate Time 
Alfalfa Annual grasses Forage Alfalfa Forage 
ADF NDF CP ADF NDF "ADF NDF CP ADF CP ADF CP 
(g/ha) mil WtW83M <#>) 
9 EP 46 J5 56.4 18.9 44.6 713 9.0 45.1 66.8 11.9 31.6 26.4 31.6 26.2 
18 EP 44.9 57.7 20.1 42.7 69.0 133 44.2 61.6 17.8 33.8 24.8 33.8 24.7 
35 EP 44.9 553 20.6 40.0 68.8 13.6 443 57.0 19.8 36.0 23.6 36.0 23.6 
70 EP 44.7 56.6 20.7 40.4 69.9 14.1 443 57.0 20.4 34.1 24.1 34.1 24.0 
140 EP 45.8 57.8 20.1 45.8 57.8 20.1 34.7 22.7 34.7 22.7 
9 LP 45.8 56.6 20.1 43.6 72.1 113 443 65.6 14.9 33.9 25.6 33.9 25.6 
18 LP 46.8 56.1 21.0 423 72.1 11.7 453 62.4 17.4 34.4 25.4 343 253 
35 LP 45.0 57.4 203 41.0 68.9 14.0 44.4 58.6 19.8 34.7 23.7 34.7 23.7 
70 LP 43.7 53.6 21.0 43.7 53.6 20.9 34.2 23.4 34.2 23.4 
140 LP 43.5 56.1 203 433 56.1 20.3 36.0 23.2 36.0 23.2 
Control 44.2 55.4 19.0 44.6 74.0 8.7 443 69.0 113 33.0 253 33.0 253 
NS NS NS * ** ** NS ** ** NS NS NS NS 
Rates 
(g/ha) 
9 46.2 56.5 193 44.1 71.6 10.1 44.8 663 13.4 32.7 26.0 32.7 25.6 
18 45.8 56.9 20.6 423 703 123 44.8 62.0 17.6 34.1 25.1 34.1 25.0 
35 44.9 56.4 203 403 68.9 13.8 443 57.8 19.8 353 23.6 35.3 23.6 
70 44.2 55.0 20.8 44.1 553 20.7 34.1 23.8 34.1 23.7 
140 44.7 57.0 203 44.7 57.0 20.2 35.4 22.9 35.4 22.9 
NS NS NS L* NS L** NS Q** C** C* C* C* Q* 
Methods 
EP 45.4 56.8 20.1 42.4 69.6 12.0 44.8 60.1 18.0 34.0 243 34.0 24.2 
LP 45.0 55.9 203 423 71.0 123 443 593 18.6 34.6 24.2 34.6 24.2 
NS NS NS NS NS NS NS NS NS NS NS NS NS 
ADF = acid detergent fiber, NDF = neutral detergent fiber, CP = crude protein 
EP = early postemergence; LP = late postemergence 
Control mean value vs herbicide mean value 
NS = no significance; * = significant (P<0.05); ** = highly significant (P<0.01) 
L = linear, Q = quadratic; C = cubic 
Means within columns with common letters are not significantly 
different at the 5% level using Duncan's multiple range test. 
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application rates. Herbicide treatments reduced the average NDF content of the forage 
between 4 and 20% compared to the NDF content of the untreated check. 
Herbicide treatments had no affect on the crude protein (CP) content of alfalfa. 
Herbicide treatments increased the CP content of the annual grass weeds compared to the 
annual grass weeds of the untreated check. Increasing the rate of BAS 517 02H from 9 to 
35 g/ha resulted in a linear increase in the CP content of the annual grass weeds. Herbicide 
treatments increased the CP content of the annual grass weeds between 16 and 59% 
compared to the CP content of the annual grass weeds of the untreated check. 
The CP content of alfalfa in the untreated check (19.0%) was nearly 120% greater than 
the CP content of the annual grass weeds (8.7%) in the untreated check. The large 
difference in the CP content between alfalfa and the annual grass weeds had a significant 
effect on the CP content of the total forage. The CP content of the total forage increased as 
herbicide rate increased. The increase in the CP content of the forage was significant to the 
cubic regression level. Increasing the herbicide rate from 9 to 70 g/ha increased the CP 
content of the forage between 17 and 80%. BAS 517 02H applied at 140 g/ha resulted in 
no additional increase in the CP content of the forage. 
Second Harvest 
Little if any annual grass weeds were present at the time of the second harvest A 
pooled sample of the annual grass weeds showed the ADF and CP content was 32.4% and 
19.5%, respectively. While the CP content of the annual grass weeds remained inferior to 
that of alfalfa, the overall forage quality was not affected due to the absence of significant 
weed growth. The ADF content of alfalfa increased and the CP content decreased as the 
rate of BAS 517 02H increased from 9 to 70 g/ha. The higher forage quality for the alfalfa 
regrowth at the lower herbicide rates can be attributed to the stress of the heavy grass 
population which comprised 73% of the total first harvest forage yields earlier in the 
season. The slower regrowth of the alfalfa plants in these treatments resulted in higher 
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forage quality. The ADF and CP content of the total forage was similar to the forage 
quality of the alfalfa component since little if any annual grass weeds were present after the 
first harvest. 
The time of herbicide application had no affect on the forage quality since weed control, 
botanical composition and dry matter yields were similar between the early and late 
postemergence treatments. The newly seeded alfalfa was able to recover from the late 
postemergence treatments under the optimum growing conditions of the 1986 season. 
Therefore, early and late postemergence treatments resulted in similar forage quality by the 
time of the first harvest 
Discussion 
Results from this study indicated that annual grass weeds must be eliminated prior to the 
first harvest in order to obtain the greatest increase in alfalfa yield during the year of 
seeding. Other studies have also shown that although the first harvest alfalfa yields can be 
increased when annual grass and broadleaf weeds were controlled (6, 15,18, 20) in most 
cases, weed control only had a major effect on the first cutting (6,12,16). Increased weed 
control obtained from the 70 and 140 g/ha rates of BAS 517 02H did not result in greater 
total alfalfa yields during the establishment year. Therefore, the large crabgrass and yellow 
foxtail control obtained with the 35 g/ha rate of BAS 517 02H was as effective as the 70 
and 140 g/ha rates for weed control during the establishment year. 
Removal of annual grass weeds from newly seeded alfalfa did not improve total forage 
yields (alfalfa and annual grass weeds) because weeds are harvested along with the crop. 
Removal of large crabgrass and yellow foxtail prior to the first harvest, however, improved 
the forage quality of the alfalfa stands during the establishment year. Similar studies have 
also shown that although removal of weeds may not improve total forage yields, higher 
alfalfa yields and increased forage quality can be obtained (4, 5, 6,21). As the percentage 
of the annual grass weeds in the forage decreased the CP content of the forage increased 
and the NDF content decreased. Leroux and Harvey (11) obtained similar results where 
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the CP and NDF content of the forage was directly related to the percentage of quackgrass 
rAffQpyron ispgns (L.) Beauv.], orchardgrass (Dactvlis glomerata L.) and annual grass 
weeds in sod seeded alfalfa. Their results indicated that 66 and 84% of the variation of the 
CP and NDF content of the forage was accounted for by taking the percentage of grass into 
consideration. 
Alfalfa is grown as the primary source of high protein forage for the dairy industry. 
The presence of annual grass weeds in sufficient quantity will lower the CP content of the 
forage. Maximum returns in dairy production occur when dry matter intake is maximized. 
Since voluntary consumption of a forage accounts for nearly 70% of its productive worth 
(23) the presence of annual grass weeds will lower forage consumption. Grasses contain 
more hemicellulose than alfalfa at the same relative digestibility (22). Therefore, the NDF 
content is higher for grass than alfalfa at the same relative digestibility, resulting in reduced 
intake. The large difference in the NDF content between alfalfa and the annual grass weeds 
had a significant effect on the NDF content of the total forage.The NDF content of the 
forage from the untreated check was 69%. The intake of dry matter by ruminants is 
markedly reduced at 55% NDF. Although the digestibility of alfalfa and the annual grass 
weeds was similar as measured by the ADF content, the lower NDF content of alfalfa will 
result in a higher intake potential which increases the rate of passage through the animal and 
the amount of forage the animal can consume. Unlike weeds in row crops, weeds in 
forage crops contribute to rather than reduce total dry matter yields. Therefore, a true 
assessment of a herbicide program for legumes such as alfalfa should be measured by the 
change in forage quality. Little, if any, increase in alfalfa yield or forage quality was 
obtained when the herbicide rate was increased beyond the 35 g/ha rate. Therefore, a 
four-fold reduction in the herbicide rate resulted in forage quality and alfalfa yields similar 
to that obtained at the higher rates of application. This can be a savings in production costs 
to the alfalfa grower where large acreages of alfalfa are seeded. Where reduced herbicide 
rates lower the risk of potential herbicide residues in rapidly growing legumes such as 
259 
alfalfa, the postemergence grass control program for legume forages can offer greater 
flexibility and ease of application for weed control in both new and established stands of 
alfalfa. 
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CHAPTER VIE 
POSTEMERGENCE GRASS HERBICIDES FOR QUACKGRASS CONTROL IN 
SEEDLING ALFALFA 
Abstract 
Conventional spring seedings of alfalfa (Medicago sativa L.) were treated with 
sethoxydim (2-[l-(ethoxymino)butyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-cyclohexen-l- 
one), fluazifop (2-[4-[5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] propanoic acid), 
haloxyfop (2-[4-[ [3-chloro -5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] propanoic 
acid), SC 1084 (chemistry unknown), BAS 517 02H (2-[l-(ethoxyimino) butyl]-3- 
hydroxy-5-(2H-tetrahydrathiopyran-3-yl)-2-cyclohexen-l-one), and quizalofop (2-[4-[[6- 
chloro-2-[4-[(6-chloro-2-quinoxalinyl) oxy] phenoxy] propanoic acid), in 1984 and 1986 
for the control of quackgrass lAgropyron repens (L.) Beauv.]. All herbicides suppressed 
quackgrass at the first harvest and were effective for control of quackgrass regrowth at the 
second harvest. Herbicide treatments increased alfalfa yields at all harvest dates. 
Sethoxydim treatments resulted in lower quackgrass control than the other herbicide 
treatments. BAS 517 02H treatments resulted in greater quackgrass control than the 
sethoxydim treatments but were less effective than the other herbicide treatments 
particularly, in the control of quackgrass regrowth. All herbicide treatments increased the 
forage quality compared to the untreated check as measured by the acid detergent fiber 
(ADF) and crude protein (CP) content. Herbicide treatments lowered the ADF content of 
the forage and increased the CP content particularly at the first harvest. Herbicide 
treatments reduced the average ADF content of the first harvest forage by 15 and 11% in 
1984 and 1986, respectfully. The average CP content of the first harvest forage was 
increased by 35 and 44% in 1984 and 1986 respectively. The higher ADF and lower CP 
content of the first harvest forage in the untreated check was primarily due to the greater 
quackgrass content (72 and 76% of the total first harvest forage in 1984 and 1986, 
respectively). The alfalfa in the untreated check had a higher ADF and a lower CP content 
than the alfalfa from the herbicide treatments. Herbicide treatments increased the CP 
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content of the second harvest forage. In general, the ADF and CP content of the total 
forage was similar among herbicide treatments despite the differences in quackgrass 
control. Sethoxydim and BAS 517 02H treatments, in particular, acted as a growth 
regulator by lowering the ADF and increasing the CP content of quackgrass to similar 
levels as alfalfa. Split applications of each herbicide had no advantage over single 
applications for improving the botanical or chemical composition and yield of the forage. 
iImlm 
Quackgrass is an aggressive perennial weed in new and established stands of alfalfa. 
Quackgrass competition in legume stands has been attributed to competition for available 
light, water and nutrients (11,16). In addition, quackgrass interference in legumes has 
also been attributed to the direct production of allelochemicals by quackgrass shoots or 
rhizomes which inhibits legume-rhizobium symbiosis, nodulation and nitrogen fixation (7, 
12, 17, 19, 22, 24, 25). Quackgrass infested alfalfa lowers alfalfa yields, stand longevity 
and reduces forage quality (5, 6, 13, 14,15). A 20% increase in milk production and a 
better feed conversion has been reported from controlling quackgrass in first cutting 
alfalfa (5). 
Due to its vigorous rhizome system, quackgrass can withstand treatments that control 
many other weeds (2). Cultural practices such as fallowing in combination with regular 
tilling of fields has been shown to reduce rhizome carbohydrate reserves and inhibit 
rhizome bud growth. This method interferes with normal cropping practices and does not 
provide acceptable control (8). 
Successful chemical control of quackgrass requires that the biologically active 
compound is absorbed by the plant and translocated to the underground tissue in sufficient 
concentration to cause death (21). While glyphosate has been used as a non-selective 
preplant treatment for quackgrass control for new seedings of alfalfa, it will not control 
later germinating annual grasses which has been shown to infest a well-decomposed sod 
during the growing season (13, 15). 
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Until recently there have been no herbicides available for selective postemergence 
quackgrass control in seedling alfalfa. A control program which provides selective 
quackgrass control in alfalfa without crop injury would increase stand productivity. A 
number of postemergence grass herbicides have been shown to control quackgrass in 
established alfalfa and other legumes (3,14). Limited information has been reported using 
postemergence grass herbicides for quackgrass control in newly seeded alfalfa. 
Several workers have shown that split applications of postemergence grass herbicides 
using the same amount of herbicide were more effective than a single application for some 
difficult-to-control perennials (3,4,9, 10). A single high rate of application may elicit a 
toxic response in the plant adversely affecting the translocation of the herbicide (9). 
The objectives of the research reported here were to (a) evaluate postemergence grass 
herbicides for selective quackgrass control in newly seeded alfalfa, (b) determine if split 
applications of grass herbicides were superior to single applications for quackgrass control 
in alfalfa, and (c) evaluate the effects of quackgrass control on the botanical composition, 
yield and quality of the forage during the establishment year. 
Materials and Methods 
Field experiments were conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa 'Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 7, 1984 and on April 29, 1986. 
Sethoxydim, fluazifop, haloxyfop, SC1084 and quizalofop were applied at 0.14 and 
0.28 kg/ha and a split application of 0.14 and 0.14 kg/ha five days apart on June 21, 1984. 
A 0.21 kg/ha rate of fluazifop was also included in the 1984 experiment. In 1986, 
sethoxydim, fluazifop, haloxyfop, BAS 517 02H and quizalofop were applied at the 0.14, 
0.28 and 0.14/0.14 kg/ha rates on June 9, 1986. In addition, sethoxydim, fluazifop and 
quizalofop were applied at 0.56,0.21 and 0.07 kg/ha respectively. Treatments were 
applied with a C02 -pressurized backpack sprayer in 375 L/ha at 152 kPa, using SS 8004 
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flat-fan nozzles. Treatments in 1984 were applied when the quackgrass was at the 3-leaf 
stage (22- to 30-cm in height) and the alfalfa was at the 8- to 11- trifoliate leaf stage (22- to 
25-cm in height). Treatments in 1986 were applied when the quackgrass was at the 4- to 6- 
leaf stage (30- to 50-cm in height) and the alfalfa was at the 6- to 8-trifoliate leaf stage (18- 
to 25-cm in height). 
Broadleaf weeds [common ragweed (Ambrosia artemisiifolia L.), common 
lambsquarters (ChgnQpodium album L.), redroot pigweed (Amaranthus retroflexus L.) and 
ladysthumb (Polygonum persicaria L.)] were controlled with a blanket application of 2,4- 
DB (4-(2,4-dichlorophenoxy) butyric acid) at 1.12 kg/ha in 1984 and 1986. Treatments 
were applied on June 15 and on May 29 in 1984 and 1986, respectively. Annual grass 
weeds (large crabgrass [Digitaria sanguinalis (L.l Scop.] fall panicum rPanicum 
dichotomiflorum Michx.] and yellow foxtail fSetaria lutescens (Weigel) F. T. Hubb.]) 
were controlled with a blanket application of fenoxaprop-ethyl at 0.11 kg/ha in 1984 and at 
0.14 kg/ha in 1986. Treatments were applied on June 15 and May 28 in 1984 and 1986, 
respectively. Separate blanket applications were made in order to avoid possible crop 
injury from tank mixtures. A crop oil concentrate was added to all herbicide treatments at 
the rate of 1% (vAr). 
Treatments were arranged in a randomized complete block with three replications in 
1984, and four replications in 1986. Plot size was 1.5 by 6.0 m. Quackgrass control was 
rated on a scale of 0 to 100% where 0 = no control and 100 = complete control. Ratings 
were made prior to the first harvest in 1984 on July 3,11 and 20, and in 1986 on June 27, 
July 9 and 15. Alfalfa was harvested on July 31 and October 12 in 1984, and on July 15 
and August 26 in 1986. Dry matter yields were determined by harvesting a 1-m swath 
through the center of each plot Border effects were eliminated prior to harvest by 
trimming a strip from each end of the sampling area. Green weights of all harvested 
herbage was taken in the field. Two subsamples were taken from each plot for dry matter 
determination and botanical separation prior to disturbing the cut sample. Yields were 
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reported on a 100% dry matter basis. Botanical separations of the fresh material into alfalfa 
and quackgrass was performed by hand and the components were separately dried and 
weighed. 
Data were subjected to a factorial analysis of variance (Tables 8.13-8.27). A single 
degree of freedom comparison was used to analyze the effects of the untreated control 
versus herbicide treatments. Regression analysis for the rate response and Duncan’s 
multiple range test (P<0.05) for the herbicide and method responses were used to discuss 
means where appropriate. 
Botanical separation samples were saved for forage quality analysis. The alfalfa and 
quackgrass components were separately analyzed for analytical moisture, acid detergent 
fiber and total protein for the first harvest in 1984 and both harvests in 1986. Where 
separation samples for quackgrass were too small to prepare a separate analysis from each 
replication, samples were pooled. A statistical analysis of variance for unequal numbers 
was conducted for the quackgrass samples where appropriate. Forage quality was reported 
on a 100% dry matter basis. Analysis of forage samples was determined by the 
Association of Official Analytical Chemists Methods (1). Average forage quality for each 
analysis was then determined by calculation of the yield and quality contribution of both the 
alfalfa and grass component of each harvest. 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (20). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Total protein was determined by the Kjeldahl procedure (1). The 
crude protein content was calculated by multiplying total nitrogen x 6.25. 
Results 
1984 Experiment 
Quackgrass Control 
Most herbicide treatments effectively controlled quackgrass (Tables 8.1-8.2). The 
single and split application of each herbicide resulted in similar quackgrass control. 
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Table 8.2 Quackgrass control ratings and botanical composition of the first and second 
harvest forage following applications of sethoxydim, fluazifop, haloxyfop, 
SC 1084 and quizalofop in 1984 (Main effects and interactions). 
Quackgrass control (DAT) 
Botanical 
Harvest 1 
composition 
Harvest 2 
12 20 29 Alfalfa 
Quack¬ 
grass Alfalfa 
Quack¬ 
grass 
1 (%) 
Herbicides 
Sethoxydim 56b 72b 67b 69b 30a 54b 44a 
Fluazifop 63b 88a 93a 95a 5b 84a 15b 
Haloxyfop 66b 88a 94a 97a 0b 94a 6b 
SC1084 62b 89a 88a 94a 5b 90a 10b 
Quizalofop 79a 91a 97a 99a 0b 96a 3b 
Rates (kg/ha) 
0.14 61 82 81 83 15 71 27 
0.28 67 87 92 94 5 89 10 
NS NS ** NS NS ** ** 
Methods 
post 68 86 91 96 3 92 8 
post split 66 88 92 93 6 87 13 
NS NS NS NS NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 53 65 48 53 46 33 66 
Sethoxydim 0.28 57 75 76 77 22 65 34 
NS NS ** ** * ** ** 
Fluazifop 0.14 63 87 92 86 14 63 35 
Fluazifop 0.28 63 89 94 98 2 95 5 
NS NS NS NS NS * * 
Haloxyfop 0.14 60 85 88 93 5 84 16 
Haloxyfop 0.28 68 89 98 98 0 98 2 
NS NS NS NS NS NS NS 
SC 1084 0.14 53 85 80 91 9 87 13 
SC 1084 0.28 67 91 93 % 3 92 8 
NS NS NS NS NS NS NS 
Quizalofop 0.14 77 90 95 94 3 90 8 
Quizalofop 0.28 80 91 98 100 0 98 1 
T2- - 
NS NS NS NS NS NS NS 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
are not significantly different at the 5% 
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Quackgrass control by 12 and 20 days after treatment (DAT) was not increased as herbicide 
rate increased. The 0.28 kg/ha rate gave greater control of quackgrass compared to the 
0.14 kg/ha rate by 29 DAT. 
Quizalofop treatments gave greater control of quackgrass 12 DAT than the other 
herbicide treatments. Sethoxydim, fluazifop, SC 1084 and haloxyfop treatments resulted 
in similar quackgrass control at that time. Fluazifop, haloxyfop, SC 1084 and quizalofop 
treatments resulted in similar quackgrass control by 20 and 29 DAT. Sethoxydim 
treatments gave lower control of quackgrass by 20 and 29 DAT than the other herbicide 
treatments. Increasing the rate of sethoxydim increased quackgrass control, but resulted in 
unacceptable quackgrass control at both rates. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 28% alfalfa and 
72% quackgrass (Tables 8.1-8.2). Nearly 12 inches of rain fell during May of the seeding 
year resulting in severe alfalfa injury in certain portions of the experimental area where 
water was standing for an extended period of time. Therefore, an analysis of variance with 
unequal numbers was conducted for the botanical separations where those plots affected by 
flooding were eliminated. The average botanical composition of the herbicide treatments 
was 89% alfalfa and 10% quackgrass. Broadleaf weeds and sedges represented only 1% 
of the total forage yields. 
Herbicide rate had no affect on the botanical composition of the first harvest forage. 
The botanical composition of the forage was similar between the single and split 
applications of each herbicide. The botanical composition of the forage was similar 
between the fluazifop, haloxyfop, SC 1084 and quizalofop treatments. Forage from the 
sethoxydim treatments had a lower alfalfa component and a greater quackgrass component 
than the other herbicide treatments. Increasing the rate of sethoxydim increased the alfalfa 
component of the forage, however, the sethoxydim treatments had a lower alfalfa 
component than the other herbicide treatments at both rates of application. 
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The botanical composition of the untreated check at the second harvest was 41% alfalfa 
and 59% quackgrass. The botanical composition of the herbicide treatments averaged 83% 
alfalfa and 17% quackgrass. The botanical composition of the forage at the second harvest 
was similar between the single and split applications of each herbicide. The alfalfa 
component of the forage increased and the quackgrass component decreased with all 
herbicide treatments at the higher rate of application. The botanical composition of the 
forage from the sethoxydim and fluazifop treatments were most affected by herbicide rate. 
Forage from the sethoxydim treatments at the second harvest had the highest quackgrass 
component and the lowest alfalfa component compared to the other herbicide treatments. 
The botanical composition of the forage was similar between the fluazifop, haloxyfop, 
SC 1084 and quizalofop treatments. 
Forage Yields 
Sethoxydim, fluazifop, haloxyfop, SC 1084 and quizalofop applied postemergence 
reduced average first harvest quackgrass yields (234 kg/ha) by 94% compared to the 
quackgrass yields of untreated check (4214 kg/ha) (Tables 8.3-8.4). Herbicide treatments 
reduced first harvest quackgrass yields between 76 and 100% compared to the quackgrass 
yield of untreated check. Sethoxydim treatments resulted in greater first harvest quackgrass 
yields than the other herbicide treatments. Fluazifop, haloxyfop, SC 1084 and quizalofop 
treatments resulted in similar quackgrass yields. In general, average quackgrass yields did 
not significantly decrease as herbicide rate increased. The single 0.28 kg/ha rate and the 
split application rate of 0.14 kg/ha applied five days apart resulted in similar quackgrass 
yields. 
Although alfalfa growth was reduced by the unfavorable drainage conditions in the 
experimental area, herbicide treatments increased average alfalfa yields (2875 kg/ha) by 
80% compared to the alfalfa yield of untreated check (1596 kg/ha). Herbicide treatments 
increased alfalfa yields between 14 and 129% compared to the alfalfa yield of the untreated 
check. Due to variability in alfalfa growth as a result of flooding, herbicide treatments 
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Table 8.4 Dry matter yields of quackgrass and alfalfa following applications of 
sethoxydim, fluazifop, haloxyfop, SC 1084 and quizalofop in 1984 
(Main effects and interactions). 
Dry matter yields 
Quackgrass Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
(kg/ha) 
Herbicides 
Sethoxydim 780a 970a 1750a 2340 1300b 3640b 
Fluazifop 160b 430b 590b 2990 2000a 4990a 
Haloxyfop 80b 250bc 330b 2730 2090a 4820a 
SC1084 170b 250bc 420b 3400 2270a 5660a 
Quizalofop 30b 180c 220b 3100 2240a 5340a 
Rates (kg/ha) 
0.14 370 700 1070 2670 1680 4350 
0.28 180 280 460 2970 2100 5070 
NS ** ** NS ** NS 
Methods 
post 170 250 420 3200 2230 5430 
post split 200 300 500 2830 1980 4810 
NS NS NS NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 1010 1370 2370 1820 840 2660 
Sethoxydim 0.28 670 770 1440 2600 1530 4130 
NS ** * NS * NS 
Fluazifop 0.14 290 890 1180 2270 1460 3730 
Fluazifop 0.28 100 200 300 3380 2280 5660 
NS ** * NS NS NS 
Haloxyfop 0.14 160 510 680 2630 1860 4490 
Haloxyfop 0.28 30 120 150 2580 2120 4700 
NS * NS NS NS NS 
SC1084 0.14 300 320 620 3610 2100 5710 
SC 1084 0.28 100 220 320 3280 2350 5630 
NS NS NS NS NS NS 
Quizalofop 0.14 80 410 490 3030 2140 5170 
Quizalofop 0.28 10 70 80 3000 2240 5240 
tt-~~Trr-—■ 
NS * NS NS NS NS 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
= highly significant (P<0.01) 
not significantly different at the 5% 
** 
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resulted in similar alfalfa yields. Sethoxydim treatments resulted in lower alfalfa yields 
than the other herbicide treatments. Alfalfa yields did not increase as herbicide rate 
increased. Alfalfa yields were similar between the single and split applications of each 
herbicide. 
Herbicide treatments reduced average second harvest quackgrass yields (413 kg/ha) by 
74% compared to the quackgrass yield of untreated check (1608 kg/ha). Herbicide 
treatments reduced quackgrass yields between 15 and 97% compared to the quackgrass 
yield of untreated check. 
Second harvest quackgrass yields were affected by herbicide treatments and the rate of 
application. Sethoxydim treatments resulted in greater quackgrass yields than the other 
herbicide treatments. Fluazifop treatments resulted in greater quackgrass yields than the 
quizalofop treatments. Quackgrass yields decreased as herbicide rate increased. 
Quackgrass yields from the sethoxydim and fluazifop treatments were most affected by 
application rate. 
Herbicide treatments increased average second harvest alfalfa yields (1963 kg/ha) by 
78% compared to the alfalfa yields of untreated check (1100 kg/ha). Herbicide treatments 
increased alfalfa yields between 0 and 117% compared to the alfalfa yield of untreated 
check. Substantial quackgrass regrowth from the sethoxydim treatments at the time of the 
second harvest resulted in lower alfalfa yields compared to the other herbicide treatments. 
Second harvest alfalfa yields were similar among the fluazifop, haloxyfop, SC 1084 and 
quizalofop treatments. Average alfalfa yields increased as herbicide rate increased. Alfalfa 
yields from the sethoxydim treatments were most affected by herbicide rate. 
Sethoxydim treatments resulted in greater total seasonal quackgrass yields than the other 
herbicide treatments. Total quackgrass yields were similar between the fluazifop, 
haloxyfop, SC 1084 and quizalofop treatments. Total quackgrass yields decreased as 
herbicide rate increased. The sethoxydim and fluazifop treatments, in particular, were more 
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effective at the high rate of application. The single and split applications of each herbicide 
resulted in similar quackgrass yields. 
Sethoxydim treatments resulted in lower total seasonal alfalfa yields than the other 
herbicide treatments. Total alfalfa yields were similar between the fluazifop, haloxyfop, 
SC 1084 and quizalofop treatments. Increasing the herbicide rate had a positive impact on 
alfalfa yields. The single and split applications of each herbicide resulted in similar total 
alfalfa yields. 
Forage Quality 
First Harvest 
Herbicide treatments reduced the average acid detergent fiber (ADF) content of alfalfa 
(alfalfa component) (32.7%) more than 13% compared to the ADF content of alfalfa in the 
untreated check (37.7%) (Table 8.5). The higher ADF content of alfalfa in the untreated 
check may be attributed to greater leaf loss for alfalfa in the quackgrass infested plots. The 
ADF content of alfalfa was similar among herbicide treatments, and the rate and method of 
application. 
Herbicide treatments reduced the average ADF content of quackgrass (33.0%) nearly 
17% compared to the ADF content of the quackgrass in the untreated check (39.7%) 
(Table 8.6). This was due to the delayed maturity of quackgrass where herbicide 
treatments suppressed quackgrass growth. The ADF content of quackgrass was similar 
among herbicide treatments. 
Herbicide treatments reduced the average ADF content of the total forage (alfalfa + 
quackgrass) (33.3%) more than 15% compared to the ADF content of the forage in the 
untreated check (39.1%) (Table 8.5). The higher ADF content of the forage in the 
untreated check was primarily due to the greater quackgrass component in addition to lower 
leaf retention by the alfalfa. The ADF content of the forage was similar among herbicide 
treatments, and the rate and method of application. The interaction between herbicide and 
rate indicated that the ADF content of the forage increased as the rate of fluazifop increased. 
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Table 8.5 Forage quality analysis following postemergence applications of 
sethoxydim, fluazifop, haloxyfop, SC 1084 and quizalofop in 1984. 
Harvest 1 
Herbicide Rate 
Alfalfa Fora ge 
Method ADF CP ADF CP 
Sethoxydim 
(kg/ha) 
0.14 post 343 
!;.'v!v!vXv!vXv 
VW99V97W9W91 
17.6 35.4 T6.6 
Sethoxydim 0.28 post 33.9 173 34.1 17.7 
Sethoxydim 0.14 post 
Fluazifop 
0.14 spit 323 18.7 32.6 19.2 
0.14 post 31.4 17.6 30 3 183 
Fluazifop 0.21 post 303 18.1 313 18.0 
Fluazifop 0.28 post 35.4 18.1 35.2 183 
Fluazifop 0.14 post 
0.14 spit 32.6 18.1 34.7 18.7 
Haloxyfop 0.14 post 31.7 18.7 32.9 183 
Haloxyfop 0.28 post 313 18.2 323 18.7 
Haloxyfop 0.14 post 
0.14 spit 33.4 17.8 33.4 17.8 
SC 1084 0.14 post 31.8 18.8 31.8 19.1 
SC 1084 0.28 post 343 183 343 183 
SC 1084 0.14 post 
0.14 spit 34.0 18.7 34.0 18.7 
Quizalofop 0.14 post 32.9 183 35.0 183 
Quizalofop 0.28 post 303 17.6 31.7 183 
Quizalofop 0.14 post 
0.14 spit 32.8 173 32.7 17.4 
Control 37.7** 17.0* 39.1** 133** 
Herbicides 
Sethoxydim 333 17.9 34.1 17.7 
Fluazifop 33.1 17.9 33.4 18.4 
Haloxyfop 32.1 183 32.8 183 
SC 1084 33.4 18.6 33.4 18.7 
Quizalofop 32.1 17.8 33.1 18.1 
NS NS NS NS 
Rates (kg/ha) 
0.14 32.4 18.2 33.1 18.1 
0.28 33.1 18.0 33.6 18.2 
NS NS NS NS 
Methods 
post 33.1 17.9 33.7 18.2 
post split 33.0 18.2 333 18.4 
NS NS NS NS 
Control mean value vs herbicide mean value 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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The increased ADF content of the forage may be due to the increased alfalfa growth 
obtained with fluazifop at the 0.28 kg/ha rate. 
Herbicide treatments increased the average crude protein (CP) content of alfalfa 
(18.1%) by 6% compared to the CP content of alfalfa in the untreated check (17.0%) 
(Table 8.5). The lower CP content of alfalfa in the untreated check was due to greater leaf 
loss for alfalfa from the quackgrass-infested plots. The CP content of alfalfa was not 
affected by herbicide treatment, or the rate and method of application. 
Herbicide treatments increased the average CP content of quackgrass (18.5%) by 52% 
compared to the CP content of quackgrass in the untreated check (12.1%) 
(Table 8.6). This was attributed to the delayed maturity of quackgrass where herbicide 
treatments suppressed quackgrass growth. Single degree of freedom comparisons between 
the pooled quackgrass samples of the fluazifop, haloxyfop, SC 1084 and quizalofop 
treatments and the individual sethoxydim treatments showed the CP content of quackgrass 
was affected by herbicide treatments. Quackgrass from the sethoxydim treatments had a 
lower CP content (17.5%) than quackgrass from the other herbicide treatments (19.2%). 
The CP content of quackgrass from the sethoxydim treatments increased from 14.4 to 
19.0% when the rate of sethoxydim was increased from 0.14 to 0.28 kg/ha. The CP 
content of quackgrass from the sethoxydim treatments was greater when sethoxydim was 
applied in split applications (20.5%) compared to the single application (17.5%). The 
higher CP content of quackgrass from the split application sethoxydim may be attributed to 
the greater quackgrass regrowth which resulted after treatment compared to the single 
application of sethoxydim at 0.28 kg/ha. 
The CP content of quackgrass decreased in order of the fluazifop, haloxyfop, SC 1084 
and the quizalofop treatments respectively. The higher CP content of quackgrass from the 
fluazifop treatments may be attributed to greater quackgrass regrowth following treatment 
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compared to the other herbicide treatments. Quackgrass from the quizalofop and 
haloxyfop treatments, in particular, consisted mainly of dead tissue which remained after 
treatment 
Herbicide treatments increased the average CP content of the total first harvest forage 
(18.2%) by 35% compared to the CP content of the forage in the untreated check (13.5%) 
(Table 8.5). The lower CP content of the forage in the untreated check was primarily 
attributed to the greater quackgrass component in addition to lower leaf retention by the 
alfalfa. The CP content of the forage was similar among herbicide treatments despite the 
difference in quackgrass control due to the increased CP content of the suppressed 
quackgrass. The rate and method of application had no affect on the CP content of the total 
first harvest forage. The interaction between herbicide and rate indicated that the CP 
content of the total first harvest forage from the sethoxydim treatments increased as 
herbicide rate increased. The higher CP content of the forage for sethoxydim when applied 
at 0.28 kg/ha resulted from both a reduction in the quackgrass content of the forage when 
compared to the 0.14 kg/ha rate, in addition to the higher CP content of the quackgrass 
regrowth. 
1986 Experiment 
Quackgrass Control 
Quackgrass control was affected by herbicide treatments prior to the first harvest (Tables 
8.7-8.8). Quackgrass control was similar between the split herbicide application treatments 
at 0.14 kg/ha applied five days apart and the single application treatments at 
0.28 kg/ha. Overall weed control was superior at the 0.28 kg/ha herbicide rate compared 
to the 0.14 kg/ha rate. 
Quizalofop treatments gave greater quackgrass control by 18 days after treatment (DAT) 
than the other herbicide treatments. Quackgrass control decreased ir order of the 
quizalofop, haloxyfop, fluazifop, BAS 517 02H and sethoxydim treatments, respectively, 
by 18 DAT. Haloxyfop and quizalofop treatments both applied at 0.14 and 0.28 kg/ha 
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Table 8.8 Quackgrass control ratings and botanical composition of the first and second 
harvest forage following applications of sethoxydim, fluazifop, haloxyfop, 
BAS 517 02H and quizalofop in 1986 (Main effects and interactions). 
Herbicides 
Sethoxydim 
Fluazifop 
Haloxyfop 
BAS517 02H 
Quizalofop 
Quackgrass control (DAT) 
Botanical composition 
Harvest 2 Harvest 1 
18 30 36 Alfalfa 
Quack- 
grass Alfalfa 
Quack- 
srass . w 
28d 48c 58c 
51c 85b 95a 
67b 92a 97a 
44c 80b 89b 
80a 95a 98a 
62b 35a 52d 47a 
81a 15bc 82b 17c 
83a 14 be 91ab 7cd 
78a 19b 65c 34b 
87a 9c 92a 6d 
Rates (kg/ha) 
im~ 50 73 82 73 23 69 30 
0.28 56 83 91 81 16 80 19 
• ** ** •* * ** ** 
Methods 
post 57 84 91 80 17 80 18 
post split 55 82 90 82 15 80 19 
NS NS NS NS NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.14 28 40 46 57 42 52 47 
Sethoxydim 0.28 29 52 64 65 32 52 48 
NS ** ** NS NS NS NS 
Fluazifop 0.14 48 78 91 76 19 71 27 
Fluazifop 0.28 53 88 97 84 13 87 11 
NS ** NS NS NS * * 
Haloxyfop 0.14 63 90 95 85 12 87 11 
Haloxyfop 0.28 69 93 96 83 15 92 5 
NS NS NS NS NS NS NS 
BAS517 02H 0.14 35 65 79 67 29 47 50 
BAS517 02H 0.28 49 88 94 83 14 73 26 
** ** ** * ** ** *• 
Quizalofop 0.14 79 94 98 82 11 86 13 
Quizalofop 0.28 81 95 99 90 8 96 3 
NS NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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gave greater than 90% quackgrass control by 30 DAT. Sethoxydim treatments continued to 
give lower quackgrass control than the other herbicide treatments by 36 DAT. Quizalofop, 
haloxyfop and fluazifop treatments resulted in similar quackgrass control by 36 DAT. The 
interaction between herbicide and rate indicated that the quizalofop, haloxyfop and fluazifop 
treatments were equally effective in controlling quackgrass at both application rates. 
Increasing the rate of sethoxydim increased quackgrass control, however, the degree of 
control was unacceptable at both rates of application. The BAS 517 02H treatments 
resulted in greater quackgrass control than the sethoxydim treatments. BAS 517 02H 
treatments resulted in lower quackgrass control than the fluazifop, haloxyfop and 
quizalofop treatments, particularly at the 0.14 kg/ha rate. Quackgrass control increased as 
rate of BAS 517 02H increased. BAS 517 02H applied at 0.28 kg/ha was as effective in 
controlling quackgrass as the quizalofop, haloxyfop and fluazifop treatments at both the 
0.14 and 0.28 kg/ha rates. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 24% alfalfa and 
76% quackgrass (Tables 8.7-8.8). The average botanical composition of the herbicide 
treatments was 79% alfalfa and 18% quackgrass. Less than 2% of the forage dry matter 
consisted of broadleaf weeds and sedges. 
In general, increasing the herbicide rate to 0.28 kg/ha reduced the quackgrass 
component and increased the alfalfa component of the forage at the first harvest. The 
botanical composition of the BAS 517 02H treatments was most effected by herbicide rate. 
Forage from the sethoxydim treatments at the first harvest had the lowest alfalfa component 
and the highest quackgrass component compared to the forage from the other herbicide 
treatments. Although the alfalfa component of the forage was similar among the other 
herbicide treatments at the first harvest, forage from the quizalofop treatments had a lower 
quackgrass component than the BAS 517 02H treatments. 
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The botanical composition of the untreated check at the second harvest was 37% alfalfa 
and 63% quackgrass. The average botanical composition of the herbicide treatments at the 
second harvest was 76% alfalfa and 22% quackgrass. Less than 2% of the total second 
harvest forage yields consisted of broadleaf weeds and sedges. 
In general, the alfalfa component of the forage increased and the quackgrass component 
decreased as herbicide rate increased. The botanical composition of the fluazifop and BAS 
517 02H treatments was most affected by herbicide rate. The method of application had no 
affect on the botanical composition of the forage. Forage from the sethoxydim treatments 
had a lower alfalfa component and a greater quackgrass component than the other herbicide 
treatments. Forage from the BAS 517 02H treatments had a greater quackgrass component 
and a lower alfalfa component than the fluazifop, haloxyfop and quizalofop treatments. 
Second harvest forage from the fluazifop treatments had a lower alfalfa component and a 
higher quackgrass component than the quizalofop treatments. The botanical composition of 
the forage was similar between the quizalofop and haloxyfop treatments. 
Eoragg-Y-ig-lds 
Sethoxydim, fluazifop, haloxyfop, BAS 517 02H and quizalofop applied 
postemergence reduced average first harvest quackgrass yields (489 kg/ha) by 83% 
compared to the quackgrass yields of the untreated check (2842 kg/ha) (Tables 8.9-8.10). 
Herbicide treatments reduced quackgrass yields between 60 and 94% compared to the 
quackgrass yield of the untreated check. 
Sethoxydim treatments resulted in greater average first harvest quackgrass yields than 
the other herbicide treatments when applied at the same rates. The BAS 517 02H 
treatments resulted in greater average quackgrass yields than the quizalofop treatments. 
Average quackgrass yields were similar between the fluazifop, haloxyfop and quizalofop 
treatments. In general, quackgrass yields decreased as herbicide rate increased. 
Quackgrass yields were similar between the single herbicide application rate of 0.28 kg/ha 
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Table 8.10 Dry matter yields of quackgrass and alfalfa following applications of 
fnloRfi tM,flU^lf0p’ h^oxyfop’BAS 517 02H ^ quizalofop in 1986 (Main effects and interactions). 
___Dry matter yields_ 
tj-- Q^grass _ ~ Alfalfa- 
Harve5t 1.Harvest 2 Total Harvest 1 Harvest?.-Total 
Herbicides 
Sethoxydim 980a 1250a 
Fluazifop 410bc 440c 
Haloxyfop 380bc 180d 
BAS517 02H 520b 880b 
Quizalofop 240c 150d 
Rates (kg/ha) 
6.14 620 790 
0.28 450 470 
* ** 
Methods 
post 480 460 
post split 420 480 
NS NS 
Herbicide x Rate (ke^ha) 
Herbicide Rate 
Sethoxydim 0.14 1150 1250 
Sethoxydim 0.28 900 1240 
NS NS 
Fluazifop 0.14 500 750 
Fluazifop 0.28 360 280 
NS ** 
Haloxyfop 0.14 350 290 
Haloxyfop 0.28 390 120 
NS NS 
BAS517 02H 0.14 820 1360 
BAS517 02H 0.28 380 640 
** ** 
Quizalofop 0.14 300 300 
Quizalofop 0.28 220 70 
Means within co lurrms with 
NS NS 
level using Duncan’s multiple range test 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
(kg/ha) 
•XvXwXwXwX'X'X'X-; 
2230a 1830b 1440b 3270c 
850c 2210a 2160a 4370ab 
550cd 2380a 2270a 4640a 
1400b 2200a 1760b 3960b 
390d 2330a 2420a 4750a 
1410 2050 1870 3910 
920 2260 2080 4340 
** NS * * 
940 2270 2120 4380 
900 2250 2050 4300 
NS NS NS NS 
2400 1680 1450 3120 
2140 1900 1440 3340 
NS NS NS NS 
1250 2080 1980 4060 
640 2270 2250 4520 
* NS NS NS 
640 2460 2370 4820 
510 2340 2220 4550 
NS NS NS NS 
2180 1930 1290 3220 
1010 2340 1990 4330 
** NS ** * 
590 2090 2240 4330 
290 2450 2510 4960 
NS NS NS NS 
significantly different at the 5% 
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and the split herbicide application rates of 0.14 kg/ha applied five days apart. Quackgrass 
yields from the BAS 517 02H treatments were most affected by herbicide rate. 
Herbicide treatments increased average first harvest alfalfa yields (2224 kg/ha) by 150% 
compared to the alfalfa yield of the untreated check (892 kg/ha). Herbicide treatments 
increased alfalfa yields between 88 and 189% compared to the alfalfa yield of the untreated 
check. Sethoxydim treatments (0.14, 0.28 and 0.14 + 0.14 kg/ha) resulted in lower alfalfa 
yields than the other herbicide treatments. Alfalfa yields were similar between the 
fluazifop, haloxyfop, BAS 517 02H and quizalofop treatments. Alfalfa yields increased as 
herbicide rate increased due to the reduced quackgrass growth at the higher rate of 
application. 
Herbicide treatments reduced average second harvest quackgrass yields (570 kg/ha) by 
69% compared to the quackgrass yield of the untreated check (1848 kg/ha). Herbicide 
treatments reduced quackgrass yields between 27 and 96% compared to the quackgrass 
yield of the untreated check. 
Second harvest quackgrass yields were affected by herbicide treatment and the rate of 
application with interactions between herbicide and rate. Average quackgrass yields 
decreased in order of the sethoxydim, BAS 517 02H, fluazifop, haloxyfop and quizalofop 
treatments, respectively. The haloxyfop and quizalofop treatments were equally effective in 
reducing quackgrass yields at the second harvest. Quackgrass yields were generally lower 
at the 0.28 kg/ha herbicide rate. 
The interaction between herbicide and rate indicated that quackgrass yields were reduced 
for both the fluazifop and BAS 517 02H treatments when the herbicide rate was increased. 
The haloxyfop and quizalofop treatments effectively reduced quackgrass yields at both rates 
of application. The sethoxydim treatments, in contrast, were ineffective in reducing the 
quackgrass regrowth at both application rates. The 0.28 kg/ha rate of fluazifop was as 
effective in reducing second harvest quackgrass yields as the haloxyfop and quizalofop 
treatments. Increasing the rate of BAS 517 02H from 0.14 to 0.28 kg/ha reduced 
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quackgrass yields by more than 50%. Quizalofop applied at 0.07 kg/ha was more effective 
in reducing second harvest quackgrass than sethoxydim applied at 0.56 kg/ha. 
Herbicide treatments increased average second harvest alfalfa yields (2012 kg/ha) by 
75% compared to the alfalfa yield of the untreated check (1148 kg/ha). Herbicide 
treatments increased second harvest alfalfa yields between 13 and 128% compared to the 
alfalfa yield of the untreated check. Sethoxydim and BAS 517 02H treatments resulted in 
substantial quackgrass regrowth after the first harvest reducing second harvest alfalfa yields 
compared to the other herbicide treatments. Fluazifop, haloxyfop and quizalofop 
treatments resulted in similar alfalfa yields at the second harvest Average second harvest 
alfalfa yields increased as herbicide rate increased. Alfalfa yields from the BAS 517 02H 
treatments were most affected by herbicide rate. 
Sethoxydim was the least effective herbicide treatment for quackgrass control 
throughout the season as evidenced by the total seasonal quackgrass yields from the two 
harvests. The BAS 517 02H treatments resulted in greater quackgrass yields than the 
fluazifop, haloxyfop and quizalofop treatments. Quizalofop treatments resulted in lower 
quackgrass yields than the fluazifop treatments. Total quackgrass yields decreased as 
herbicide rate increased. Quackgrass yields from the fluazifop and BAS 517 02H 
treatments, in particular, were most affected by herbicide rate. Quackgrass yields were 
similar between the single and split herbicide applications. 
Sethoxydim treatments resulted in lower average total alfalfa yields than the other 
herbicide treatments. Quizalofop and haloxyfop treatments resulted in greater alfalfa yields 
than the BAS 517 02H treatments. Total seasonal alfalfa yields were similar between the 
quizalofop, haloxyfop and fluazifop treatments. In general, total alfalfa yields increased as 
herbicide rate increased. The alfalfa yields from the BAS 517 02H treatments were most 
affected by herbicide rate. Average total alfalfa yields at the 0.28 kg/ha rate were increased 
11% compared to the 0.14 kg/ha herbicide rate. Total alfalfa yields were similar between 
the single and split herbicide applications. 
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Forage Quality 
First Harvest 
Herbicide treatments reduced the average acid detergent fiber (ADF) content of alfalfa 
(alfalfa component) (35.2%) by more than 6% compared to the ADF content of alfalfa in 
the untreated check (37.6%) (Table 8.11). The higher ADF content of alfalfa in the 
untreated check may be attributed to greater leaf loss for alfalfa in the quackgrass-infested 
plots. The ADF content of alfalfa was similar among herbicide treatments and the rate and 
method of application. 
Herbicide treatments reduced the average ADF content of quackgrass (34.9%) nearly 
13% compared to the ADF content of quackgrass in the untreated check (40.0%). This 
was due to the delayed maturity of quackgrass where herbicide treatments suppressed 
quackgrass growth. The ADF content of quackgrass was greater for the quizalofop 
treatments than all the other herbicide treatments with the exception of haloxyfop. The 
ADF content of quackgrass was greater for the haloxyfop treatments than the BAS 517 
02H treatments. The ADF content of quackgrass was lower for the BAS 517 0211, 
sethoxydim and fluazifop treatments due to greater quackgrass leaf growth for these 
treatments compared to quackgrass leaf growth from the haloxyfop and quizalofop 
treatments that gave nearly complete quackgrass control. The ADF content of quackgrass 
was not affected by the rate and method of application. 
Herbicide treatments reduced the average ADF content of the total forage (alfalfa and 
quackgrass) (35.2%) by more than 11% compared to the ADF content of the forage in the 
untreated check (39.5%). The higher ADF content of the forage in the untreated check was 
primarily due to the greater quackgrass component of the untreated check in addition to 
lower leaf retention by alfalfa in the quackgrass-infested plots. The ADF content of the 
forage was similar among herbicide treatments and the rate and method of application. 
Herbicide treatments increased the average crude protein (CP) content of alfalfa 
(23.5%) by nearly 9% compared to the CP content of alfalfa in the untreated check 
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Table 8.11 First harvest forage quality analysis following postemergence applications of 
sethoxydim, fluazifop, haloxyfop, BAS 517 02H and quizalofop in 1986. 
Harvest 1 
Herbicide Rate 
Alfalfa Quackgr ass Forage 
Method ADF CP ADF CP ADF CP 
(kg/ha) (%) II 
Sethoxydim 0.14 post 35 2 22.9 34.7 20.6 35.4 "21.9* 
Sethoxydim 0.28 post 36 3 23.0 35.2 19.7 36.2 21.8 
Sethoxydim 0.56 post 34.6 23.4 32.7 19.1 34.3 22.7 
Sethoxydim 0.14 post 
0.14 spit 34.7 24.4 34.4 20.1 34.7 23.1 
Fluazifop 0.14 post 34.1 23.5 34.1 17.1 34.4 22.2 
Fluazifop 0.21 post 363 23.0 34.0 17.0 36.1 21.8 
Fluazifop 0.28 post 35.1 23.6 35.4 17.8 35.2 22.8 
Fluazifop 0.14 post 
0.14 spit 36.6 22.7 34.2 16.4 36.2 21.7 
Haloxyfop 0.14 post 363 22.7 35.8 16.7 36.2 22.0 
Haloxyfop 0.28 post 353 24.6 34.9 16.9 353 233 
Haloxyfop 0.14 post 
0.14 spit 34.6 23.6 36.6 17.7 34.9 22.8 
BAS517 02H 0.14 post 343 25.1 33.6 18.4 34.1 23.1 
BAS517 02H 0.28 post 36.1 23.3 33.7 18.7 35.8 223 
BAS517 02H 0.14 post 
0.14 spit 33.9 23.4 33.9 18.7 34.0 22.8 
Quizalofop 0.07 post 363 23.3 34.6 17.6 36.1 22.8 
Quizalofop 0.14 post 33.6 24.3 363 16.7 34.0 233 
Quizalofop 0.28 post 36.1 22.0 36.6 18.6 36.2 21.8 
Quizalofop 0.14 post 
0.14 spit 343 23.9 37.7 18.2 34.8 23.4 
Control 37.6** 21.6** 40.0** 13.7** 39.5** 15.6** 
Herbicides 
Sethoxydim 35.4 23.4 34.8bc 20.1a 35.4 223 
Fluazifop 353 23.2 34.6bc 17.1c 35.3 223 
Haloxyfop 35.4 23.6 35.8ab 17.1c 35.5 22.7 
BAS 517 02H 34.8 23.9 33.7c 18.6b 34.6 22.8 
Quizalofop 34.8 23.4 36.9a 17.8c 35.0 22.8 
NS NS NS NS 
Rates (kg/ha) 
0.14 34.7 23.7 34.9 17.9 34.8 223 
0.28 353 23.4 353 18.3 35.3 22.6 
NS NS NS NS NS NS 
Methods 
post 35.8 23.3 35.2 18.4 35.7 22.4 
post split 34.9 23.6 35.4 18.2 34.9 22.8 
NS NS NS NS NS NS 
Control mean value vs herbicide mean value 
Means within columns with common letters are not significantly different at the 5% level 
using Duncan's multiple range test. 
NS = no significance 
** = highly significant (P<0.01) 
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(21.6%). The lower CP content of alfalfa in the untreated check was attributed to greater 
leaf loss for alfalfa. The CP content of alfalfa was similar among herbicide treatments. 
Although the CP content of alfalfa was not affected by the rate and method of 
application there were significant interactions between the herbicide and rate, and between 
the herbicide and method of application. The CP content of alfalfa increased as the rate of 
haloxyfop increased. The CP content of alfalfa decreased as the rate of BAS 517 02H and 
quizalofop increased. The change in the CP content of the alfalfa may be attributed to 
affects on the stage of maturity and leaf retention by the herbicide treatments. 
The interaction between herbicide and method indicated that the CP content of alfalfa 
was greater for the split application of quizalofop (0.14 + 0.14 kg/ha) than the single 
application (0.28 kg/ha). The delay in application may have affected the stage of maturity 
of alfalfa which may have resulted in the increased CP content of alfalfa. The CP content 
was similar between the method of application for the other herbicide treatments. 
Herbicide treatments increased the average CP content of quackgrass (18.2%) by nearly 
33% compared to the CP content of quackgrass in the untreated check (13.7%). This was 
due to the delayed maturity of quackgrass where herbicide treatments suppressed 
quackgrass growth. The CP content of quackgrass from the herbicide treatments was 
inversely related to the herbicide efficacy. Although the sethoxydim treatments resulted in 
lower quackgrass control than the other herbicide treatments, it acted as a growth regulator 
suppressing quackgrass growth soon after treatment. The CP content of quackgrass from 
the sethoxydim treatments was greater than the other herbicide treatments. 
Although BAS 517 02H treatments resulted in greater quackgrass suppression than the 
sethoxydim treatments, quackgrass control was lower for BAS 517 02H compared to the 
other herbicide treatments. The CP content of quackgrass from the BAS 517 02H 
treatments was greater than the fluazifop, haloxyfop and quizalofop treatments. The CP 
content of quackgrass was similar between the fluazifop, haloxyfop and quizalofop 
treatments. Quackgrass from these treatments consisted primarily of dead tissue at the time 
299 
of harvest which contained more stem growth compared to leaf growth. The average CP 
content of quackgrass was not affected by the rate and method of application. 
Hie CP content of quackgrass was affected by interactions between herbicide and rate, 
and between herbicide and method of application. The CP content of quackgrass from the 
sethoxydim, fluazifop, BAS 517 02H and haloxyfop treatments was not affected by rate of 
application. The CP content of quackgrass from quizalofop treatments increased as the 
herbicide rate increased. This may be attributed to a greater stem fraction remaining from 
the dead quackgrass tissue for this treatment. 
The CP content of quackgrass was similar between application methods for the 
sethoxydim, BAS 517 0211 and quizalofop treatments. The CP content of quackgrass from 
the haloxyfop treatments was lower when applied in a single application compared to the 
split applications. This may be attributed to greater quackgrass control with haloxyfop 
when applied in a single application. The CP content of quackgrass from the fluazifop 
treatments was greater when applied in a single application compared to the split 
application. This may be attributed to greater quackgrass control for fluazifop when split 
over time. 
Herbicide treatments increased the average CP content of the total forage (22.5%) by 
44% compared to the CP content of the forage in the untreated check (15.6%). The lower 
CP content of the forage in the untreated check was primarily due to the greater quackgrass 
component and lower leaf retention of the alfalfa. 
Herbicide treatments had no affect on the CP content of the total forage despite the 
differences in quackgrass control due to the greater CP content of quackgrass from the 
herbicide treatments. The CP content of forage was similar among the rates and methods 
of application. 
The CP content of the total forage was affected by interactions between the herbicide 
and method of application. The CP content of the total forage was lower for the single 
application of sethoxydim compared to the split application. This may be due to slightly 
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greater quackgrass suppression when sethoxydim was applied in split applications. The 
CP content of the total forage was lower for the quizalofop treatments when the herbicide 
was split over time compared to the single application rate. The decrease in the CP content 
may be due to slightly greater growth in the earlier treated plots resulting in increased 
maturity by the time of harvest 
Second Harvest 
The ADF content of alfalfa was not affected by herbicide treatment (Table 8.12). There 
was no difference in the ADF content of alfalfa among herbicides, rates and methods of 
application. 
Herbicide treatments reduced the average ADF content of quackgrass (33.8%) by nearly 
7% compared to the ADF content of quackgrass in the untreated check (36.3%). This was 
due to the delayed maturity of quackgrass where herbicide treatments continued to suppress 
quackgrass regrowth after the first harvest. The ADF content of quackgrass from the 
sethoxydim treatments was greater than the other herbicide treatments with the exception of 
the fluazifop treatments. The ADF content of quackgrass was lower for the quizalofop 
treatments than the other herbicide treatments. The differences in the ADF content of 
quackgrass at the second harvest was directly related to herbicide efficacy where the more 
effective herbicide treatments reduced quackgrass regrowth resulting in delayed maturity by 
the time of harvest The ADF content of quackgrass decreased as the herbicide rate 
increased. This was due to greater suppression of quackgrass at the higher herbicide rates. 
The ADF content of quackgrass was not affected by the method of application. 
The ADF content for the total forage was similar between the untreated check and the 
herbicide treatments. The ADF content of quackgrass in the untreated check (36.3%) was 
lower than the average ADF content of alfalfa from the herbicide treatments (39.3%). 
Qurckgrass competition in the untreated check delayed alfalfa maturity compared to alfalfa 
from the herbicide treatments as evidenced by the lower ADF content of alfalfa in the 
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Table 8.12 Second harvest forage quality analysis following postemergence applications 
of sethoxydim, fluazifop, haloxyfop, BAS 517 02H and quizalofop in 1986. 
Harvest 2 
Herbicide Rate Method ADF 
(kg/ha) 
Sethoxydim 0.14 post 38.7 
Sethoxydim 0.28 post 38.6 
Sethoxydim 0.56 post 37.0 
Sethoxydim 0.14 post 
0.14 spit 38 3 
Fluazifop 0.14 post 405 
Fluazifop 0.21 post 37.8 
Fluazifop 028 post 40.4 
Fluazifop 0.14 post 
0.14 spit 42.1 
Haloxyfop 0.14 post 392 
Haloxyfop 0.28 post 39.7 
Haloxyfop 0.14 post 
0.14 spit 40.0 
BAS517 02H 0.14 post 38.7 
BAS517 02H 028 post 39.5 
BAS517 02H 0.14 post 
0.14 spit 39.8 
Quizalofop 0.07 post 393 
Quizalofop 0.14 post 39.7 
Quizalofop 028 post 393 
Quizalofop 0.14 post 
0.14 spit 39.0 
Control 37.6NS 
Herbicides 
Sethoxydim 383 
Fluazifop 41.0 
Haloxyfop 39.6 
BAS 517 02H 393 
Quizalofop 393 
NS 
Rates (kg/ha) 
0.14 393 
0.28 39.7 
NS 
Methods 
post 393 
post split 39.8 
NS 
Control mean value vs herbicide mean value 
Quackgrass Forage 
dP ADF CP ADF CP 
Ipsllllfifl (%) 1 
202 35.7 19.4 37.7 193 
21.6 34.6 20.6 36.7 21.4 
222 343 203 35.7 22.0 
20.9 34.6 203 36.4 21.1 
203 35.4 18.6 39.1 20.1 
20.9 33.6 18.8 373 20.9 
21.2 333 203 39.4 21.1 
21.4 333 213 41.4 21.4 
21.1 343 21.0 38.7 21.1 
212 31.8 20.7 39.1 21.1 
20.6 343 193 39.7 19.7 
21.8 34.0 183 36.2 203 
20.9 33.0 20.9 38.6 20.7 
20.9 33.6 203 37.7 20.6 
203 32.9 20.6 38.6 20.5 
20.4 32.6 193 38.9 20.4 
20.4 31.8 213 39.1 20.4 
20.2 31.0 21.4 38.8 203 
19.7NS 363** 182** 36.8NS 18.9** 
20.9 35.0a 20.1 37.0c 20.6 
21.0 34.0ab 202 40.0a 20.8 
20.6 33.5b 203 39.2ab 20.6 
212 33.5b 19.9 37.5bc 20.5 
203 31.8c 20.7 38.9ab 203 
NS NS NS 
20.8 34.4a 19.4b 38.1 20.2 
20.8 33.2b 20.7a 38.7 20.8 
NS NS NS NS NS 
21.0 32.9 20.8 38.6 20.9 
20.6 33.4 20.6 38.8 20.6 
NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% level 
using Duncan's multiple range test 
NS = no significance 
** = highly significant (P<0.01) 
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untreated check. The higher quackgrass component of the forage had no negative effects 
on the forage digestibility. 
The ADF content of the total forage was lower for the sethoxydim treatments than the 
other herbicide treatments with the exception of the BAS 517 02H treatments. The ADF 
content of the total forage was lower for the BAS 517 02H treatments than the fluazifop 
treatments. The lower ADF content of the forage dry matter from the sethoxydim and BAS 
517 02H treatments can be attributed to the greater quackgrass component and the 
suppressed alfalfa regrowth. The higher ADF content of the forage from the haloxyfop, 
quizalofop and fluazifop treatments can be attributed to greater alfalfa regrowth resulting in 
greater forage maturity by the time of the second harvest. 
Herbicide treatments had no affect on the CP content of alfalfa. Herbicide treatments 
increased the average CP content of quackgrass (20.2%) by nearly 11% compared to 
quackgrass from the untreated check (18.2%). The CP content of quackgrass was similar 
among herbicides and the methods of application. Increasing the herbicide rate increased 
the CP content of quackgrass due to greater quackgrass suppression at the higher rate of 
application. 
Herbicide treatments increased the average CP content for the total forage (20.7%) by 
nearly 10% compared to the CP content of the forage in the untreated check (18.9%). The 
lower CP content of the forage in the untreated check was primarily due to the greater 
quackgrass component. Herbicide treatments had no affect on the CP content of the forage 
despite the differences in herbicide efficacy. This was due to the greater CP content of the 
suppressed quackgrass in the herbicide treatments where control was not achieved. The 
CP content of the forage was similar among the rates and methods of application. 
Discussion 
Results from these experiments indicate that excellent selective control of quackgrass 
could be obtained from postemergence application of grass herbicides as low as 0.14 
kg/ha. Early removal of the quackgrass competition was necessary for good legume 
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establishment. Herbicide treatments increased the proportion of alfalfa in the forage and 
improved the forage quality by lowering the ADF content and increasing the CP content of 
the forage. 
Herbicide treatments had no affect on the average ADF content of the forage despite the 
differences in quackgrass control. Herbicide treatments modified the ADF and CP content 
of the forage components. The first harvest ADF content of the untreated quackgrass was 
greater than that of the untreated alfalfa indicating the length of time to reach physiological 
maturity was less for quackgrass compared to alfalfa. The ADF content of alfalfa and 
quackgrass from the herbicide treatments was lower compared to the alfalfa and quackgrass 
components of the untreated check. Leroux and Harvey (14) reported similar results with 
pronamide [3,5-dichloro (N-l,l-dimethyl-2-propynl benzamide] and sethoxydim applied to 
established alfalfa. 
In addition, the CP content of the untreated quackgrass was lower than that of the 
untreated alfalfa. The CP content of the untreated alfalfa was lower than that of the treated 
alfalfa. Herbicide treatments also increased the CP content of quackgrass. This is in 
agreement with the work of Leroux and Harvey (14). 
The greater CP content and lower ADF content of the treated alfalfa may be due to 
greater leaf retention for alfalfa from the herbicide treatments in the absence of quackgrass 
competition. Otherwise, an increase in the forage quality would normally occur when plant 
growth is retarded under stress conditions. Other researchers have reported that the rate of 
symbiotic nitrogen fixation may be reduced when alfalfa plants are growing in combination 
with quackgrass resulting in the lower CP content (14). Weston and Putnam (24, 25) have 
shown quackgrass may inhibit the legume-Rhizobium symbiosis by inhibiting root hair 
formation on alfalfa. 
Split applications of grass herbicides had no advantage over single applications for 
improving the botanical and chemical composition and yield of the forage. Although other 
reports (3,4, 9, 10) have shown increased herbicide efficacy from split herbicide 
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applications compared to single applications, these treatments were either applied in the 
greenhouse or at different stages of quackgrass growth or regrowth. Split application 
treatments in this study were applied at essentially the same growth stage with a five day 
interval. Delaying the herbicide application with seedling alfalfa to the later stages of 
quackgrass growth would result in further loss of alfalfa yield and forage quality due to the 
longer period of quackgrass competition and make these additional treatments impractical. 
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Table 8.21 Analysis of variance for botanical composition of the first harvest forage dry 
matter yields following applications of sethoxydim, fluazifop, haloxyfop, 
BAS 517 02H and quizalofop in 1986. 
Source of 
variation df 
Alfalfa Quackgrass 
MS F MS F 
Blocks (B) 3 362.21 509.78 
Treatments (Trts) 18 990.21 9.98** 1,077.49 13.44** 
Control (C) vs other 
treatments 1 11,646.25 117.43** 12,972.22 161.81** 
TRTS 3, 6, 16 
vs others 1 246.51 2.36NS 212.52 2.53NS 
Among TRTS 3, 
6 and 16 2 60.80 0.58NS 106.48 1.27NS 
Herbicides (H) 4 1,107.16 10.46** 1,205.08 13.84** 
Rates (R) 1 769.63 7.28** 550.84 6.32* 
Methods (M) 1 58.32 0.65NS 32.94 0.48NS 
HxR 4 107.66 1.02NS 119.84 1.38NS 
HxM 4 30.54 0.34NS 28.42 0.41NS 
Error a (B x T) 54 99.18 80.17 
Error b (B x T) 51 104.38 83.92 
Error c (B x T) 42 105.88 87.10 
Error d(BxT) 27 89.45 69.09 
Error a- Trts, Control vs Trts (+C) 
Error b- TRT 3 (sethoxydim 0.56 kg/ha), 6 (fluazifop 0.21 kg/ha), 
16 (quizalofop 0.07) vs others, Among TRT 3, 6, and 16 (-C) 
Error c-H,R,HxR (-C, -TRTS 3, 6,16) 
Error d- M, H x M (-C, -TRTS 3, 6,16, -0.14 kg/ha rates) 
NS = no significance; * = significant (P<0.05); ** = highly significant (P<0.01) 
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Table 8.22 Analysis of variance for botanical composition of the second harvest forage 
dry matter yields following applications of sethoxydim, fluazifop, haloxyfop, 
BAS 517 02H and quizalofop in 1986. 
Source of 
variation 
Alfalfa Quackgrass 
df MS F MS F 
Blocks (B) 3 1,411.66 1,580.35 
Treatments (Trts) 18 1,443.02 10.61** 1,495.60 11.75** 
Control (Q vs other 
treatments 1 5,953.76 43.77** 6,359.32 44.96** 
TRTS 3,6,16 
vs others 1 6.01 0.04NS 50.70 0.40NS 
Among TRTS 3, 
6 and 16 2 1,019.93 7.46** 1,048.74 8.19** 
Herbicides (H) 4 3,684.32 26.69** 3,815.81 29.79** 
Rates (R) 1 1,655.40 11.99** 1,719.15 13.42** 
Methods (M) 1 1.12 0.01NS 9.03 0.08NS 
HxR 4 280.62 2.03NS 249.70 1.95NS 
H x M 4 114.63 0.94NS 105.77 0.89NS 
Error a (B x T) 54 136.03 127.29 
Error b (B x T) 51 136.65 128.09 
Error c (B x T) 42 138.04 134.50 
Error d (B x T) 27 121.66 119.49 
Error b- TRT 3 (sethoxydim 0.56 kg/ha), 6 (fluazifop 0.21 kg/ha), 
16 (quizalofop 0.07) vs others, Among TRT 3, 6, and 16 (-C) 
Error c- H, R, H x R (-C, -TRTS 3, 6,16) 
Error d- M, H x M (-C, -TRTS 3, 6,16, -0.14 kg/ha rates) 
NS = no significance; * = significant (P<0.05); ** = highly significant (P<0.01) 
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CHAPTER IX 
QUACKGRASS CONTROL IN SEEDLING ALFALFA WITH POSTEMERGENCE 
GRASS HERBICIDES AS INFLUENCED BY GROWTH STAGE 
Abstract 
Conventional spring seedings of alfalfa (Medicago sativa L.) were treated with 
sethoxydim (2-[-(ethoxyimino) butyl]-5-[2-(ethylthio) propyl]-3-hydroxy-2-cyclohexen-l- 
one), fluazifop (2-[4-[ [5-(trifluoromethyl) -2-pyridinyl) oxy] phenoxy] propanoic acid), 
haloxyfop (2-[4-[ [3-chloro -5-(trifluoromethyl)-2-pyridinyl) oxy] phenoxy] propanoic 
acid) and quizalofop (2-[4-[ [6-chloro-2-[4-[ (6-chloro-2-quinoxalinyl) oxy] phenoxy] 
propanoic acid) in 1984 and 1986 for the control of quackgrass lAgroprvon repens (L.) 
Beauv.]. Treatments were applied at the 3- to 5-, 5- to 7- and 7- to 9-leaf stage of 
quackgrass growth. In general, sethoxydim treatments resulted in lower quackgrass 
control than the other herbicide treatments. Herbicide treatments were generally more 
effective when applied prior to the 7-leaf stage of quackgrass growth. Herbicide treatments 
delayed until the 7- to 9-leaf growth stage resulted in lower quackgrass control. Herbicide 
treatments increased alfalfa yields at all growth stages compared to the alfalfa yields of the 
untreated check, however, the greatest increase in first harvest alfalfa yields were obtained 
when herbicides were applied prior to the 7-leaf growth stage. Herbicide treatments 
increased alfalfa yields at the second harvest although the difference in yield was related to 
the herbicide treatments and not due to the time of application. All herbicide treatments 
increased the forage quality compared to the untreated check as measured by the acid 
detergent fiber (ADF) and crude protein (CP) content Herbicide treatments lowered the 
ADF content and increased the CP content of the forage, particularly at the first harvest. 
The average CP content of the first harvest forage was increased by 20 and 43% in 1984 
and 1986, respectively. The higher ADF and lower CP content of the first harvest forage 
in the untreated check was primarily due to the greater quackgrass component (57 and 
76% of the total first harvest yield in 1984 and 1986, respectively). The CP content of the 
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forage decreased when the herbicide treatments were delayed due to the higher quackgrass 
component of the forage. In addition, the alfalfa in the untreated check had a higher ADF 
and a lower CP content than the alfalfa from the herbicide treatments. Herbicide treatments 
had less affect on forage quality of the second harvest forage in 1986 despite the high 
quackgrass component of the untreated check (58% of the total second harvest yields) due 
to the greater quality of the quackgrass regrowth after the second harvest. 
use* 
Quackgrass is an aggressive perennial weed in new and established stands of alfalfa. 
Quackgrass competition in legume stands has been attributed to competition for available 
light, water and nutrients (12, 17). In addition, quackgrass interference in legumes has 
also been attributed to the direct production of allelochemicals by quackgrass shoots or 
rhizomes which inhibits legume-rhizobium symbiosis, nodulation and nitrogen fixation (7, 
13,18,20, 24, 28, 29). Quackgrass infested alfalfa stands lowers alfalfa yields, stand 
longevity and reduces forage quality (5, 6, 14, 15, 16, 25). A 20% increase in milk 
production and a better feed conversion has been reported from controlling quackgrass in 
first cutting alfalfa (5). 
Quackgrass can withstand treatments that control many other weeds due to its vigorous 
rhizome system (2). Cultural practices such as fallowing in combination with regular 
tilling of fields has been shown to reduce rhizome carbohydrate reserves and inhibit 
rhizome bud growth. This method interferes with normal cropping practices and does not 
provide acceptable control (8). 
Successful chemical control of quackgrass requires that the biologically active 
compound is absorbed by the plant and translocated to the underground tissue in sufficient 
concentration to cause death (22). While glyphosate has been used as a non-selective 
preplant treatment for quackgrass control for new seedings of alfalfa, it will not control 
later germinating annual grasses which has been shown to infest a well-decomposed sod 
during the growing season (14, 16, 19). 
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Until recently there have been no herbicides available for selective postemergence 
quackgrass control in alfalfa. A control program which provides selective quackgrass 
control in alfalfa without crop injury would increase stand productivity. A number of 
postemergence grass herbicides have been shown to control quackgrass in established 
alfalfa and other legumes (3,15). Limited information has been reported using 
postemergence grass herbicides for quackgrass control in newly seeded alfalfa. 
Several workers have shown that the stage of quackgrass growth at the time of 
application was an important factor in the level of quackgrass control achieved with 
postemergence grass herbicides (3, 4, 9, 10, 11,15, 23, 26). Quackgrass control 
decreased as the leaf stage increased. 
The objectives of the research reported here were to (a) evaluate postemergence grass 
herbicides for selective quackgrass control in newly seeded alfalfa, (b) determine the 
optimum growth stage for quackgrass control, and (c) evaluate the effects of quackgrass 
control on the botanical composition, yield and quality of the forage during the 
establishment year. 
Materials and Methods 
Field experiments were conducted at the University of Massachusetts Experiment 
Station, South Deerfield on a fine sandy loam (Typic Udifluvents). Alfalfa 'Saranac AR' 
was conventionally seeded at 16.8 kg/ha on May 18,1984 and on April 29, 1986. 
Sethoxydim was applied at 0.28 and 0.56 kg/ha and fluazifop, haloxyfop and 
quizalofop were applied at 0.14 and 0.28 kg/ha to quackgrass at the 3- to 5-, 5- to 7- and 
7- to 9-leaf stage of growth. Treatments were applied with a C02-pressurized backpack 
sprayer in 375 L/ha at 152 kPa, using SS8004 flat-fan nozzles. Treatments in 1984 were 
applied on: June 21, quackgrass was at the 3- to 5-leaf stage (25- to 40-cm in height) and 
the alfalfa was at the 6- to 8-trifoliate leaf stage (15- to 20-cm in height), June 28, 
quackgrass was at the 5- to 7-leaf stage (45- to 60-cm in height) and the alfalfa was at the 
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11- to 21-trifoliate leaf stage (35- to 50-cm in height), July 9, quackgrass was at the 7- to 9- 
leaf stage (66- to 80-cm in height) and the alfalfa was at the 60- to 75-trifoliate leaf stage 
(50- to 55-cm in height). Treatments in 1986 were applied on June 3, quackgrass was at 
the 3- to 5-leaf stage (20- to 30-cm in height) and the alfalfa was at the 5- to 7-trifoliate leaf 
stage (14- to 16-cm in height), June 14, quackgrass was at the 5- to 7-leaf stage (45- to 60- 
cm in height) and the alfalfa was at the 11- to 20-trifoliate leaf stage (30- to 35-cm in 
height), June 25, quackgrass was at the 7- to 9-leaf stage (60- to 70-cm in height) and the 
alfalfa was at the 25- to 35-trifoliate leaf stage (30- to 40-cm in height). Broadleaf weeds 
[common lambsquarters (Chenopodium album L.), redroot pigweed (Amaranthus 
retroflexus L.), common ragweed (Ambrosia artemisiifolia L.) and ladysthumb 
(Polvgonium persicaria L.) were controlled with a blanket application of 2,4-DB (4-(2,4- 
dichlorophenoxy) butyric acid) at 1.12 kg/ha in 1984 and 1986. Annual grass weeds 
(large crabgrass rDigitaria sanguinalis (L.) Scop] and yellow foxtail rSetaria lutescens 
(Wiegel) F.T. Hubb]) were controlled with a blanket application of fenoxaprop-ethyl at 
0.11 kg/ha in 1984, and at 0.14 kg/ha in 1986. A crop oil concentrate was added to all 
herbicide treatments at the rate of 1% (v/v) of the total spray solution. 
Treatments were arranged in a randomized complete block with three replications. Plot 
size was 1.5 by 6.0 m. Quackgrass control was rated on a scale of 0 to 100 where 0 = no 
control and 100 = complete control. Ratings were made prior to the first harvest in 1984 
on July 20 and August 8, and in 1986 on July 10 and 21. Alfalfa was harvested on August 
8 and October 16 in 1984, and on July 22 and August 25 in 1986. Dry matter yields were 
determined by harvesting a 1.0-m swath through the center of each plot Border effects 
were eliminated prior to harvest by trimming a strip from each end of the sampling area. 
Green weights of all harvested herbage was taken in the field. Two subsamples were taken 
from each plot for dry matter determination and botanical separation prior to disturbing the 
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cut sample. Yields were reported on a 100% dry matter basis. Botanical separations of 
the fresh material into alfalfa and quackgrass was performed by hand and the components 
were separately dried and weighed. 
Data were subjected to analysis of variance (Tables 9.19-9.34). A single degree of 
freedom comparison was used to analyze the effects of the untreated control versus 
herbicide treatments. Duncan's multiple range test (P 0.05) was used to discuss means 
where appropriate. 
Botanical separation samples were saved for forage quality analysis. The alfalfa and 
quackgrass components were separately analyzed for analytical moisture, acid detergent 
fiber and total protein. Where separation samples for quackgrass were too small to prepare 
a separate analysis from each replication, samples were pooled. A statistical analysis of 
variance for unequal numbers was conducted for the quackgrass samples where 
appropriate. Forage quality was reported on a 100% dry matter basis. Analysis of forage 
samples was determined by the Association of Official Analytical Chemists Methods (1). 
Average forage quality for each analysis was then determined by calculation of the yield 
and quality contribution of both the alfalfa and quackgrass component of each harvest. 
Acid detergent fiber estimates the dry matter digestibility of the forage being inversely 
related to it (20). This assay measures the cellulose, lignin, silica and unavailable nitrogen 
fraction in the plants. Total protein was determined by the Kjeldahl procedure. The crude 
protein content was calculated by multiplying total nitrogen by 6.25. 
Results 
1984 Experiment 
Quackgrass Control 
Herbicides and stage of growth affected quackgrass control by July 20 [30, 23 and 11 
days after herbicide treatments (DAT) at the 3- to 5-, 5- to 7- :ind 7- to 9-leaf stage of 
quackgrass growth]. In general, quackgrass control was similar whether herbicides were 
applied at the 3- to 5-leaf (89%) or 5- to 7-leaf (84%) growth stages, however, control 
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Table 9.2 Quackgrass control ratings and botanical composition of the first and second 
harvest forage following postemergence applications of sethoxydim, 
fluazifop, haloxyfop and quizalofop in 1984 (Main effects and interactions). 
_ Botanical composition 
Quackgrass control Harvest 1 Harvest 2 
Quack- Quack- 
mo 8/8 Alfalfa grass Alfalfa grass 
Leaf Stage 
(%) 
89a 88 83a 9b 96a 4b 3-5 
5-7 84a 95 82a 9b 96a 4b 
7-9 43b 83 56b 36a 89b 11a 
NS 
Herbicides 
Sethoxydim 57c 72b 65b 27a 85c 15a 
Fluazifop 71b 92a 75a 19b 93b 7b 
Haloxyfop 78ab 96a 80a llbc 98a 2c 
Quizalofop 82a 95a 73 ab 15c 98a lc 
Rates (kg/ha) 
low 70 87 73 19 92 8 
high 74 91 73 18 95 5 
NS * NS NS ** ** 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.28 48 67 64 27 85 15 
Sethoxydim 0.56 66 77 66 27 86 14 
** ** NS NS NS NS 
Fluazifop 0.14 69 89 73 20 89 11 
Fluazifop 0.28 73 95 78 17 97 3 
NS NS NS NS ** ** 
Haloxyfop 0.14 79 94 81 10 97 3 
Haloxyfop 0.28 78 97 79 11 99 1 
NS NS NS NS NS NS 
Quizalofop 0.14 82 95 75 17 98 2 
Quizalofop 0.28 82 95 71 14 99 1 
NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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Table 9.3 Quackgrass control ratings and botanical composition of the first and second 
harvest forage following postemergence applications of sethoxydim, 
fluazifop, haloxyfop and quizalofop in 1984 (Interactions). 
Quackgrass Control 
Botanical composition 
Harvest 1 Harvest 2 
7/20 8/8 Alfalfa 
Quack¬ 
grass Alfalfa 
Quack¬ 
grass 
V.,.WMW>A’.V///W. >XvXv/X,Xv/XwX,>X''//Xv^ 
—%r 
/X'X^X'XvXvXvXw 
Leaf Stage x Herbicide 
Leaf Stage Herbicide 
5-5 Sethoxydim 60e 67cd 89b llbc 
3-5 Fluazifop 93a-c 91a 97a 3d 
3-5 Haloxyfop 98ab 88a 99a Od 
3-5 Quizalofop 100a 84ab 99a Id 
5-7 Sethoxydim 84c 76a-c 91b 8c 
5-7 Fluazifop 98ab 89a 97a 3d 
5-7 Haloxyfop 99a 84ab 97a 3d 
5-7 Quizalofop 100a 78a-c 98a Id 
7-9 Sethoxydim 72d 51de 75c 25a 
7-9 Fluazifop 86c 45e 87b 13b 
7-9 Haloxyfop 90bc 68 bd 97a 3d 
7-9 Quizalofop X 85c 57de 98a 2d 
Leaf Stage x Rate 
Leaf Stage Rate 
3 - 5 low 87 87 85 9 96 4 
3-5 high 90 88 81 9 96 4 
NS NS NS NS NS NS 
5-7 low 82 93 82 9 95 5 
5-7 high 87a 98 82 8 97 3 
NS NS NS NS NS NS 
7-9 low 41 80 53 37 85 15 
7-9 high 45 87 58 35 93 7 
NS * NS NS ** 
** 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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decreased when applications were made to quackgrass at the 7- to 9-leaf stage (43%) 
(Tables 9.1-9.3). Reduced control at the latter stage of growth would be expected at that 
time due to the shorter period for control. Stage of quackgrass growth had less effect on 
quackgrass control by August 8 (49, 42 and 30 DAT at the 3- to 5-, 5- to 7- and 7- to 9- 
leaf stage of quackgrass growth), although quackgrass control decreased from 95% at the 5 
to 7-leaf stage to 83% at the 7- to 9-leaf stage. 
Sethoxydim treatments resulted in lower quackgrass control than the other herbicide 
treatments. The quizalofop and the haloxyfop treatments resulted in similar quackgrass 
control by July 20, however, the fluazifop treatments resulted in lower quackgrass control 
than the quizalofop treatments at that time. All three herbicides gave similar quackgrass 
control by August 8. The interaction between growth and herbicide indicated a general 
decline in quackgrass control when herbicide application was delayed from the 5- to 7-leaf 
stage to the 7- to 9-leaf stage of quackgrass growth. 
Sethoxydim treatments resulted in lower quackgrass control when applied at the 3- to 
5-leaf stage compared to the 7- to 9-leaf stage due to the longer time for quackgrass 
recovery from the earlier herbicide application. Although quackgrass control increased as 
herbicide rate increased, the interaction between herbicide and rate indicated that 
quackgrass control with the sethoxydim treatments was most affected by the rate of 
application. Quackgrass control increased as the rate of sethoxydim increased, however, 
sethoxydim treatments resulted in lower quackgrass control at both the 0.28 and 0.56 kg/ha 
rates than the other herbicide treatments. The interaction between growth and rate indicated 
that quackgrass control was most affected by herbicide rate at the 7- to 9-leaf stage of 
growth. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 36% alfalfa, 
and 57% quackgrass (Tables 9.1-9.3). Broadleaf weeds and sedges made up less than 8% 
of the total forage yields of the untreated check. The average botanical composition of the 
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herbicide treatments was 73% alfalfa, 18% quackgrass and 9% annual broadleaf weeds. 
The botanical composition of the forage was similar when herbicides were applied at the 
3- to 5-leaf stage and the 5- to 7-leaf stage of quackgrass growth. The alfalfa component 
of the forage decreased and the quackgrass component of the forage increased when 
herbicide applications were delayed until the 7- to 9-leaf stage of quackgrass growth. The 
quackgrass component of the forage at the first harvest consisted of both dead and viable 
quackgrass plants, particularly at the 7- to 9-leaf growth stage. This resulted in a greater 
quackgrass component for these plots at the time of harvest even though fluazifop, 
haloxyfop and quizalofop gave effective control of quackgrass when applied at all three 
growth stages. 
Forage from the sethoxydim treatments contained more viable quackgrass than the other 
herbicide treatments. The quackgrass component of the forage was similar between the 
fluazifop and the quizalofop treatments. Forage from the haloxyfop treatments had a lower 
quackgrass component than the fluazifop treatments. The alfalfa component of the forage 
was similar between the haloxyfop, fluazifop and quizalofop treatments. The alfalfa 
component of the forage was similar between the sethoxydim and the quizalofop 
treatments, however, forage from the sethoxydim treatments had a lower alfalfa component 
than the fluazifop and haloxyfop treatments. The alfalfa forage component was similar 
between herbicides at the 5- to 7-leaf stage and at the 7- to 9-leaf stage for all herbicide 
treatments. The interaction between growth stage and herbicides indicated that the alfalfa 
forage component of the sethoxydim treatments was lower than the other herbicide 
treatments when applied at the 3- to 5-leaf stage of quackgrass growth. 
The botanical composition of the untreated check at the second harvest was 78% alfalfa 
and 22% quackgrass. The average botanical composition of the herbicide treatments was 
94% alfalfa and 6% quackgrass with less than 1% of the forage consisting of broadleaf 
weeds and sedges. Forage from the sethoxydim treatments had a greater quackgrass 
component and a lower alfalfa component than the other herbicide treatments. The 
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botanical composition of the forage was similar between the quizalofop and haloxyfop 
treatments at the second harvest. The forage from the fluazifop treatments had a lower 
alfalfa component and greater quackgrass component than the haloxyfop and quizalofop 
treatments. 
Increasing the herbicide rate resulted in a linear increase in the alfalfa component of the 
forage with a corresponding decrease in the quackgrass component. The interaction 
between herbicide and rate indicated that the botanical composition of the fluazifop 
treatments was most affected by herbicide rate. The interaction between growth stage, 
herbicide and rate indicated however, that the quackgrass component of the forage was 
greater for the fluazifop treatments than the haloxyfop and quizalofop treatments when 
fluazifop was applied at the 0.14 kg/ha rate at the 7- to 9-leaf stage of quackgrass growth. 
In general, the botanical composition of the second harvest forage was most affected by 
herbicide rate at the 7- to 9-leaf stage of quackgrass growth. 
Forage Yields 
Sethoxydim applied at 0.28 and 0.56 kg/ha and fluazifop, haloxyfop and quizalofop 
applied at 0.14 and 0.28 kg/ha reduced first harvest quackgrass yields when applied at the 
3- to 5-, 5- to 7- and 7- to 9-leaf stage of quackgrass growth (Tables 9.4-9.6). Herbicide 
treatments reduced average first harvest quackgrass yields (656 kg/ha) by 77% compared 
to the quackgrass yields of the untreated check (2874 kg/ha). 
Herbicide treatments resulted in greater first harvest quackgrass yields when applied at 
the 7- to 9-leaf stage of quackgrass growth than at the 3- to 5- or the 5- to 7-leaf stage. 
Herbicide treatments reduced average quackgrass yields 89 and 53% compared to the 
quackgrass yields of the untreated check when applied prior to the 7-leaf stage and at the 
7- to 9-leaf stage respectively. 
Sethoxydim treatments resulted in greater quackgrass yields than the other herbicide 
treatments. The fluazifop treatments resulted in greater quackgrass yields than the 
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Table 9.5 Dry matter yields of quackgrass and alfalfa following postemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop 
in 1984 (Main effects and interactions). 
matter yields 
Quackgrass Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Leaf Stage 
(kg/ha) H 
320b 100b 410b 3010a 2590 5600 3-5 
5-7 310b 110b 410b 3030a 2700 5730 
7-9 1340a 300a 1640a 2090b 2480 4570 
NS NS 
Herbicides 
Sethoxydim 990a 390a 1380a 2420b 2340b 4760b 
Fluazifop 700b 190b 880b 2730ab 2610a 5340a 
Haloxyfop 390bc 50c 440c 3020a 2750a 5770a 
Quizalofop 540c 40c 580c 2690ab 2650a 5330a 
Rates (kg/ha) 
low 670 210 880 2680 2550 5220 
high 640 120 760 2750 2630 5380 
NS ** NS NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 6.28 980 410 1390 2340 2330 4670 
Sethoxydim 0.56 1000 370 1380 2500 2360 4860 
NS NS NS NS NS NS 
Fluazifop 0.14 720 300 1020 2600 2440 5040 
Fluazifop 0.28 680 70 750 2860 2780 5640 
NS ** NS NS ♦ NS 
Haloxyfop 0.14 400 90 480 3050 2800 5850 
Haloxyfop 0.28 380 20 400 2980 2700 5680 
NS NS NS NS NS NS 
Quizalofop 0.14 600 50 640 2720 2620 5340 
Quizalofop 0.28 490 30 520 2650 2670 5320 
NS NS NS NS NS NS 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
= highly significant (P<0.01) 
5% 
** 
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Table 9.6 Dry matter yields of quackgrass and alfalfa following postemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop 
in 1984 (Interactions). 
Dry matter yields 
Quackgrass Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
tvXwXvX vlvXvivXvXvIvXvI'XvXv 
/.W.V.V.V.V.V.W/A'/W/A 
(kg/ha) | 
Leaf Stage x Herbicide 
Leaf Stage Herbicide 
3-5 Sethoxydim 820bc 260c 1080b 
3-5 Fluazifop 160d 80d 240d 
3-5 Haloxyfop 130d lOd 140d 
3-5 Quizalofop 160d 30d 190d 
5-7 Sethoxydim 540cd 220c 760bc 
5-7 Fluazifop 260d 90d 350cd 
5-7 Haloxyfop 160d 70d 23 Od 
5-7 Quizalofop 280d 40d 320cd 
7-9 Sethoxydim 1620a 690a 2310a 
7-9 Fluazifop 1690a 390b 2060a 
7-9 Haloxyfop 870bc 80d 950b 
7-9 Quizalofop 1180b 50d 1230b 
Leaf Stage x Rate 
Leaf Stage Rate 
3-5 low 330 90 420 3060 2640 5700 
3-5 high 310 100 400 2970 2540 5500 
NS NS NS NS NS NS 
5-7 low 310 130 440 2950 2640 5590 
5-7 high 310 80 390 3120 2760 5880 
NS NS NS NS NS NS 
7-9 low 1380 410 1790 2020 2360 4390 
7-9 high 1300 190 1480 2160 2590 4750 
NS ** * NS * NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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haloxyfop treatments. The fluazifop and quizalofop treatments and the quizalofop and 
haloxyfop treatments resulted in similar quackgrass yields. 
Herbicide rate had no affect on first harvest quackgrass yields. The fluazifop, 
haloxyfop and quizalofop treatments effectively reduced quackgrass yields at the 3- to 5- 
and the 5- to 7-leaf stages of quackgrass growth, however, the fluazifop treatments 
resulted in greater quackgrass yields than the haloxyfop and quizalofop treatments at the 7- 
to 9-leaf stage. The sethoxydim treatments resulted in greater quackgrass yields than the 
haloxyfop and quizalofop treatments at all growth stages. The fluazifop treatments resulted 
in lower quackgrass yields than the sethoxydim treatments at the 3- to 5- and the 5- to 7- 
leaf stage of growth, however, the fluazifop and sethoxydim treatments resulted in similar 
quackgrass yields at the 7- to 9-leaf stage. Quackgrass yields increased for all herbicide 
treatments when application was delayed beyond the 7-leaf stage of quackgrass growth. 
The haloxyfop and quizalofop treatments at the 7- to 9-leaf stage resulted in similar 
quackgrass yields as the sethoxydim treatments at the 3- to 5-leaf stage of growth. 
Herbicide treatments increased average first harvest alfalfa yields (2712 kg/ha) by 50% 
compared to the alfalfa yield of the untreated check (1802 kg/ha). Herbicide applications 
delayed beyond the 7-leaf stage of quackgrass growth reduced alfalfa yields, although first 
harvest alfalfa yields were increased for all growth stage treatments compared to the alfalfa 
yield of the untreated check. Herbicide treatments increased average alfalfa yields by 68% 
when applied at the 3- to 5- and 5- to 7-leaf growth stages but only by 16% when applied 
at the 7- to 9-leaf stage. 
First harvest alfalfa yields were different among herbicide treatments. The sethoxydim 
treatments applied at 0.28 and 0.56 kg/ha and the fluazifop and quizalofop treatments 
applied at 0.14 and 0.28 kg/ha resulted in similar alfalfa yields. The haloxyfop treatments 
applied at 0.14 and 0.28 kg/ha resulted in greater alfalfa yields than the sethoxydim 
treatments. The fluazifop, haloxyfop and quizalofop treatments resulted in similar alfalfa 
yields. All herbicide treatments when delayed beyond the 7-leaf stage of quackgrass 
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growth resulted in lower alfalfa yields. Alfalfa yields from the fluazifop treatments were 
most affected when herbicide application was delayed. 
Herbicide treatments reduced average second harvest quackgrass yields (167 kg/ha) by 
73% compared to the quackgrass yields of the untreated check (612 kg/ha). Herbicide 
treatments applied at the 7- to 9-leaf stage of quackgrass growth resulted in greater 
quackgrass regrowth compared to the other growth stages, although quackgrass yields 
were reduced for all growth stage treatments compared to the quackgrass yields of the 
untreated check. Herbicide treatments reduced average quackgrass yields between 83 and 
84% when applied at the 3- to 5- and 5- to 7-leaf stage but only by 51% when applied at 
the 7- to 9-leaf stage. 
Second harvest quackgrass yields were affected by herbicides and rates with 
interactions between herbicide and rate. Sethoxydim treatments resulted in greater 
quackgrass yields than the other herbicide treatments. Fluazifop treatments resulted in 
greater quackgrass yields than the haloxyfop and quizalofop treatments. Although average 
quackgrass yields for all herbicide treatments decreased as herbicide rate increased, the 
interaction between herbicide and rate indicated that the quackgrass yield from the fluazifop 
treatments were most affected by herbicide rate. Fluazifop applied at 0.28 kg/ha resulted in 
similar quackgrass yields as the haloxyfop and quizalofop treatments. 
Quackgrass yields were affected by interactions between growth stage and rate and 
growth stage and herbicide. The interaction between growth stage and rate indicated that 
quackgrass yields were not affected by rate at either the 3- to 5- or 5- to 7-leaf growth 
stage. A linear decrease in quackgrass yields was obtained at the 7- to 9-leaf stage as 
herbicide rate increased. The sethoxydim treatments resulted in greater quackgrass yields 
than the other herbicide treatments at all growth stages. The fluazifop, haloxyfop and 
quizalofop treatments resulted in similar quackgrass yields at the 3- to 5- and 5- to 7-leaf 
growth stages, however, the interaction between growth stage and herbicide indicated that 
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the fluazifop treatments resulted in greater quackgrass yields than the haloxyfop and 
quizalofop treatments at the 7- to 9-leaf growth stage. 
The interaction between growth stage, herbicide and rate indicated that increasing the 
rate of sethoxydim decreased quackgrass yields at the 7- to 9-leaf stage. The fluazifop 
treatments resulted in greater quackgrass yields at the 7- to 9-leaf stage when applied at 
0.14 kg/ha compared to the 0.28 kg/ha rate. The fluazifop, haloxyfop and quizalofop 
treatments resulted in similar quackgrass yields at the 3- to 5- and the 5- to 7-leaf stage at 
both rates of application. Fluazifop applied at 0.14 kg/ha resulted in greater quackgrass 
yields than the haloxyfop and quizalofop treatments at the 7- to 9-leaf growth stage. The 
increased quackgrass regrowth at the 7- to 9-leaf stage was primarily due to the sethoxydim 
treatments and fluazifop applied at 0.14 kg/ha. 
Herbicide treatments increased average second harvest alfalfa yields (2588 kg/ha) by 
21% compared to the alfalfa yields of the untreated check (2143 kg/ha). The herbicide 
applications applied at the 7- to 9-leaf stage had less affect on alfalfa yields at the second 
harvest compared to the first harvest. Sethoxydim treatments resulted in lower alfalfa 
yields than the other herbicide treatments. In general, second harvest alfalfa yields were 
not affected by herbicide rate, however, the interaction between herbicide and rate indicated 
that the fluazifop treatments resulted in greater alfalfa yields at the second harvest when the 
herbicide rate was increased. The interaction between growth stage and rate indicated that 
alfalfa yields increased as herbicide rate increased when applied at the 7- to 9-leaf growth 
stage. 
Herbicide treatments applied at the 7- to 9-leaf stage resulted in greater total alfalfa 
yields than when applied at the 3- to 5- and 5- to 7-leaf growth stages. Sethoxydim 
treatments resulted in greater quackgrass yields than the other herbicide treatments. In 
general, the fluazifop treatments resulted in greater average quackgrass yields than the 
haloxyfop and quizalofop treatments, however, the quackgrass yields from the fluazifop 
treatments were affected by growth stage. The fluazifop, haloxyfop and quizalofop 
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treatments resulted in similar total quackgrass yields at the 3- to 5- and the 5- to 7-leaf 
stages, however, fluazifop treatments resulted in greater quackgrass yields at the 7- to 
9-leaf growth stage. Sethoxydim treatments resulted in greater quackgrass yields than the 
other herbicide treatments at the 3- to 5-leaf stage. The sethoxydim, fluazifop and 
quizalofop treatments resulted in similar quackgrass yields at the 5- to 7-leaf stage. The 
sethoxydim treatments resulted in greater quackgrass yields than the haloxyfop treatments. 
The sethoxydim and fluazifop treatments resulted in greater quackgrass yields at the 7- to 
9-leaf stage than the other herbicide treatments. 
Total seasonal alfalfa yields were affected by herbicide treatment Sethoxydim 
treatments resulted in lower alfalfa yields than the other herbicide treatments. The 
haloxyfop, quizalofop and fluazifop treatments resulted in similar alfalfa yields. Alfalfa 
yields from the herbicide treatments were more affected by the stage of growth at the first 
harvest when quackgrass comprised more than 60% of the total forage yields of the 
untreated check. Quackgrass comprised 22% of the forage yields of the untreated check at 
the second harvest. Total seasonal alfalfa yields were reduced when herbicide treatments 
were delayed until the 7- to 9-leaf stage of quackgrass growth. 
Forage Quality 
First Harvest 
Herbicide treatments reduced the average acid detergent fiber (ADF) content of alfalfa 
(alfalfa component) (36.4%) by 7% compared to the ADF content of alfalfa in the untreated 
check (39.2%) (Table 9.7). The higher ADF content of alfalfa in the untreated check may 
be attributed to greater leaf loss for alfalfa in quackgrass-infested plots. The ADF content 
of alfalfa was similar among herbicides, rates and stages of application. 
Herbicide treatments reduced the average ADF content of quackgrass (36.1%) by 8% 
compared to the ADF content of quackgrass from the untreated check (39.4%) (Table 9.8). 
In general, the average ADF content of quackgrass from the 3- to 5-leaf stage treatments 
(37.0%) and the 5- to 7-leaf stage treatments (36.7%) was greater than the average ADF 
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Table 9.7 Forage quality analysis of alfalfa and total forage following postemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop in 1984. 
Herbicide Rate 
Harvest 1 Harvest 2 
Alfalfa Forage Alfalfa Forage 
Leaf 
Stage ADF CP ADF CP ADF CP ADF CP 
(kg/ha) XvIvMvX-lvXvM' 1 (%) 
Sethoxydim 0.28 3 -5 37.0 17.8 ^ 37X 17.6 29.9 203 zGr** x'20~’ 
Sethoxydim 0.56 3-5 34.6 19.1 35.4 18.8 293 21.8 29.7 213 
Fluazifop 0.14 3 -5 35.9 183 35.7 18.4 30.6 213 30.6 21.2 
Fluazifop 0.28 3-5 34.4 18.4 34.4 18.4 30.9 20.6 30.9 20.6 
Haloxyfop 0.14 3-5 35.2 17.8 35.4 17.7 303 213 303 213 
Haloxyfop 0.28 3-5 36.7 17.9 36.9 17.8 30.0 20.0 30.0 20.0 
Quizalofop 0.14 3-5 34.4 18.4 34.7 183 30.1 203 30.0 203 
Quizalofop 0.28 3-5 312 18.7 37.4 18.6 29.1 20.6 29.1 20.6 
Sethoxydim 0.28 5-7 36.9 18.4 36.8 17.7 30.8 203 30.8 20.0 
Sethoxydim 0.56 5 -7 36.1 17.7 36.4 173 32.0 203 31.9 20.0 
Fluazifop 0.14 5 -7 36.6 183 36.5 17.8 30.8 20.1 30.8 20.2 
Fluazifop 0.28 5 -7 36.9 173 36.8 17.1 30.4 20.1 30.4 20.0 
Haloxyfop 0.14 5-7 36.4 17.9 363 17.7 31.0 203 30.9 203 
Haloxyfop 0.28 5-7 35.7 17.6 35.8 173 29.6 20.9 29.7 20.9 
Quizalofop 0.14 5-7 35.7 18.8 35.9 183 303 21.0 303 20.9 
Quizalofop 0.28 5-7 37.1 17.7 37.2 17.4 30.4 20.6 303 20.6 
Sethoxydim 0.28 7-9 38.4 183 36.2 15.9 30.6 20.2 303 19.7 
Sethoxydim 0.56 7-9 37.8 183 36.4 16.0 293 20.6 29.7 20.2 
Fluazifop 0.14 7-9 363 18.1 34.5 153 28.1 213 28.4 213 
Fluazifop 0228 7-9 38.2 18.8 36.0 16.1 313 19.9 313 19.9 
Haloxyfop 0.14 7-9 38.2 17.4 37.6 16.4 29.6 21.1 293 21.1 
Haloxyfop 0.28 7-9 35.2 17.9 35.4 16.7 28.7 213 28.7 213 
Quizalofop 0.14 7-9 36.9 183 36.9 15.4 30.8 20.8 30.8 20.8 
Quizalofop 0.28 7-9 35.9 183 35.8 163 283 21.6 28.6 213 
Control 39.2** 173** 39.4** 14.4** 29.4NS 21.6* 29.4NS 21.2NS 
Leaf Stage 
3-5 35.7 183 35.9 18.2a 30.1 20.8 30.1 20.7 
5-7 36.4 17.9 363 17.6a 30.7 20.4 30.6 20.4 
7-9 37.1 18.2 36.1 16.0b 29.7 20.9 29.7 20.7 
NS NS NS NS NS NS NS 
Herbicides 
Sethoxydim 36.8 183 36.4 17.2 30.4 20.6 30.4 203 
Fluazifop 36.4 18.2 35.7 173 30.4 20.6 30.4 203 
Haloxyfop 36.2 17.8 36.3 173 29.9 20.8 29.8 20.8 
Quizalofop 36.2 183 36.3 17.4 29.9 20.8 29.9 20.8 
NS NS NS NS NS NS NS NS 
Rates (kg/ha) 
low 363 18.1 36.2 17.2 30.2 20.7 30.2 20.6 
high 363 18.1 36.2 173 30.0 20.7 30.0 20.6 
NS NS NS NS NS NS NS NS 
Control mean vs herbicide treatment mean 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan’s multiple range test 
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content of quackgrass at the 7- to 9-leaf stage treatments (34.5%). The ADF content of 
quackgrass from the fluazifop treatments was lower than the other herbicide treatments. 
The ADF content of quackgrass from the sethoxydim treatments was lower than the 
haloxyfop and quizalofop treatments. The interaction between herbicide and growth stage 
indicated some variation in the ADF content of quackgrass at the three growth stages. The 
ADF content of quackgrass from the sethoxydim treatments was greater than the fluazifop 
treatments for the 3- to 5-leaf growth stage, but was lower than the haloxyfop and 
quizalofop treatments. The ADF content of quackgrass from the fluazifop treatments was 
similar to the sethoxydim treatments for the 5- to 7- and 7- to 9-leaf growth stages, but was 
lower than the haloxyfop and quizalofop treatments. 
The ADF content of quackgrass in the untreated check (39.4%) was similar to the ADF 
content of alfalfa in the untreated check. Herbicide treatments reduced the average ADF 
content of the total forage (alfalfa and quackgrass) (36.2%) by 8% compared to the ADF 
content of the total forage in the untreated check (39.4%) (Table 9.7). The higher ADF 
content of the forage in the untreated check was due to both the higher ADF content of the 
alfalfa and quackgrass components in the untreated check. Although the ADF content of 
quackgrass for the 7- to 9-leaf stage treatments was lower than the ADF content of 
quackgrass from the earlier treatments, the ADF content of the total forage was similar 
among herbicides, rates and stages of application. The higher ADF content of the alfalfa 
component of the forage from the 7- to 9-leaf stage treatments compensated for the lower 
ADF content of the quackgrass component. 
Herbicide treatments increased the average crude protein (CP) content of alfalfa (18.1%) 
by 5% compared to the CP content of alfalfa in the untreated check (Table 9.7). The lower 
CP content may be attributed to lower leaf retention of alfalfa in the untreated check as a 
result of quackgrass competition. The CP content of alfalfa was similar among herbicides 
and rates of application. 
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Table 9.8 Forage quality analysis of the first harvest quackgrass following 
^1984 rgCnCe applications of sethoxydim, fluazifop, haloxyfop and quizalofop 
Leaf Stage Herbicide ADF CP 
3-5 Sethoxydim 36.4cd 
i <%) 'tmm® 
18J5a 
3-5 Fluazifop 33.0f 18.1a 
3-5 Haloxyfop 39.0ab 17.4b 
3-5 Quizalofop 39.7a 17.0b 
5-7 Sethoxydim 36.6cd 15.4c 
5-7 Fluazifop 34.8d-f 14.6d 
5-7 Haloxyfop 37.7bc 15.led 
5-7 Quizalofop 37.7bc 15.led 
7-9 Sethoxydim 34.0ef 13.le 
7-9 Fluazifop 33.2f 13J2e 
7-9 Haloxyfop 35.5de 13.6e 
7-9 Quizalofop 35.5de 11.8f 
Leaf Stage 
3-5 37.0a 17.7a 
5-7 36.7a 15.1b 
7-9 34.5b 12.9c 
Herbicides 
Sethoxydim 35.7b 15.7a 
Fluazifop 33.7c 153a 
Haloxyfop 37.4a 15.4a 
Quizalofop 37.6a 14.6b 
Control 39.4** 12.6** 
Means within columns with common letters are not significantly 
different at the 5% level using Duncan’s multiple range test. 
Control mean vs herbicide treatment mean 
** = highly significant (P<0.01) 
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Herbicide treatments increased the average CP content of quackgrass (15.3%) by 21% 
compared to the average CP content of quackgrass from the untreated check (12.6%) 
(Table 9.8). In general, the CP content of quackgrass decreased in order of the 3- to 
5-leaf (17.7%), the 5- to 7-leaf (15.1%) and the 7- to 9-leaf stage (12.9%) treatments, 
respectively. The CP content of quackgrass from the quizalofop treatments was lower than 
the other herbicide treatments. The CP content of quackgrass was similar among the other 
herbicide treatments. The interaction between growth stage and herbicide indicated some 
variation in the CP content of quackgrass at the different growth stage treatments. The CP 
content of quackgrass for the 3- to 5-leaf stage treatments was similar for the sethoxydim 
and fluazifop treatments and for the haloxyfop and quizalofop treatments. The CP content 
of quackgrass for the 5- to 7-leaf stage treatments was similar for the sethoxydim, 
haloxyfop and quizalofop treatments. The CP content of quackgrass was lower for the 
fluazifop treatments at this growth stage compared to the sethoxydim treatments. The CP 
content of quackgrass for the 7- to 9-leaf stage treatments was lower for the quizalofop 
treatments compared to the other herbicide treatments. The CP content of quackgrass was 
similar for the other herbicide treatments at this growth stage. 
The CP content of quackgrass from the untreated check (12.6%) was 30% lower than 
the average CP content of alfalfa from the herbicide treatments. This had a significant 
effect on the CP content of the total forage in the untreated check. Herbicide treatments 
increased the average CP content of the total forage (17.3%) 20% compared to the average 
CP content of the forage from the untreated check (14.4%) (Table 9.7). 
The average CP content of the total forage for the 3- to 5-leaf stage treatments (18.2%) 
and the 5- to 7-leaf stage treatments (17.6%) was greater than the average CP content of the 
forage for the 7- to 9-leaf stage treatments (16.0%). The CP content of the forage for the 7- 
to 9-leaf stage treatments was reduced as a result of the greater quackgrass component at 
the time of harvest as well as the lower CP content of quackgrass. The CP content of the 
forage was similar among herbicides and rates of application. 
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Second Harv est 
The ADF content of alfalfa was not affected by herbicides, rates or the stage of 
application (Table 9.7). The ADF content of quackgrass from the untreated check (29.8%) 
w as similar to the average ADF content of quackgrass from the herbicide treatments 
(29.3%) (Table 9.9). The ADF content of quackgrass from the haloxyfop treatments was 
lower than the other herbicide treatments. The ADF content of the total forage was not 
affected by herbicides, rates or the stage of application (Table 9.7). 
The CP content of alfalfa in the untreated check (21.6%) was greater than the average 
CP content of alfalfa from the herbicide treatments (20.7%) (Table 9.7). The higher CP 
content of alfalfa in the untreated check was attributed to slower regrowth of alfalfa after 
the first harvest which resulted in delayed alfalfa maturity by the time of the second 
harvest The CP content of alfalfa was similar among the herbicides, rates and stages of 
application. The CP content of quackgrass from the untreated check (19.2%) was similar 
to the average CP content of quackgrass from the herbicide treatments (20.0%) (Table 
9.9). The CP content of quackgrass from the sethoxydim treatments was lower than the 
other herbicide treatments. The CP content of the total forage was similar between the 
untreated check and the herbicide treatments due to the lower CP content of quackgrass in 
the untreated check (19.2%) which compensated for the higher CP content of the alfalfa 
component. The CP content of the total forage was similar among the herbicides, rates and 
stages of application (Table 9.7). Although there were differences in quackgrass control at 
the time of the second harvest, quackgrass had less effect on lowering the forage quality 
due to both the lower quackgrass component of the forage and the higher quality of the 
quackgrass regrowth. 
1986 Experiment 
Quackgrass Control 
The quackgrass growth stage, herbicides and the rate of application affected quackgrass 
control by July 10 [37, 26 and 15 days after herbicide treatment (DAT) at the 3- to 5-, 5- to 
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Table 9.11 Quackgrass control ratings and botanical composition of the first and second 
harvest forage following postemergence applications of sethoxydim, 
fluazifop, haloxyfop and quizalofop in 1986 (Main effects arid interactions). 
Quackgrass control 
Botanical composition 
Harvest 1 Harvest 2 
7/10 7/21 Alfalfa 
Quack¬ 
grass Alfalfa 
Quack¬ 
grass 
v!v!wXvXv!vXvX\v 1 (%> 
Leaf Stage 
3-5 90a 90a 90a 9c 88a 12b 
5-7 87a 90a 78b 20b 84a 16b 
7-9 25b 73b 51c 48a 72b 28a 
Herbicides 
Sethoxydim 59d 64b 63b 35a 68c 32a 
Fluazifop 66c 89a 76a 23b 79b 21b 
Haloxyfop 70b 92a 77a 21b 87a 13c 
Quizalofop 74a 91a 76a 23b 92a 8c 
Rates (kg/ha) 
low 64 80 73 26 78 22 
high 70 88 73 25 84 16 
** ** NS NS * * 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.28 53 51 62 37 70 30 
Sethoxydim 0.56 65 77 63 34 66 34 
** ** NS NS NS NS 
Fluazifop 0.14 63 88 78 21 76 24 
Fluazifop 0.28 68 91 75 24 82 18 
NS NS NS NS NS NS 
Haloxyfop 0.14 68 91 76 23 79 21 
Haloxyfop 0.28 73 93 78 19 95 5 
* NS NS NS ** 
** 
Quizalofop 0.14 72 91 75 23 89 11 
Quizalofop 0.28 76 92 76 23 94 6 
NS NS NS NS NS NS 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (PcO.Ol) 
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Table 9.12 Quackgrass control ratings and botanical composition of the first and second 
harvest forage following postemergence applications of sethoxydim, 
fluazifop, haloxyfop and quizalofop in 1986 (Interactions). 
Quackgrass control 
Botanical composition 
Harvest 1 Harvest 2 
7/10 7/21 Alfalfa 
Quack¬ 
grass Alfalfa 
Quack¬ 
grass 
i w 
Leaf Stage x Herbicide 
Leaf Stage Herbicide 
3-5 Sethoxydim 74cd 
3-5 Fluazifop 94a 
3-5 Haloxyfop 96a 
3-5 Quizalofop 95a 
5-7 Sethoxydim 73d 
5-7 Fluazifop 93a 
5-7 Haloxyfop 97a 
5-7 Quizalofop 97a 
7-9 Sethoxydim 44e 
7-9 Fluazifop 80bc 
7-9 Haloxyfop 83b 
7-9 Quizalofop 83b 
Leaf Stage x Rate 
Leaf Stage Rate 
T3“ low 87 85 86 12 86 14 
3-5 high 93 94 93 5 90 10 
** ** NS NS NS NS 
5-7 low 84 85 76 23 81 19 
5-7 high 91 95 80 16 87 13 
** ** NS NS NS NS 
7-9 low 22 70 55 44 68 32 
7-9 high 27 75 47 53 75 25 
* ** * * NS NS 
level using Duncan’s multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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7- and 7- to 9-leaf stage of quackgrass growth, respectively] (Tables 9.10-9.12). 
Herbicide treatments resulted in similar quackgrass control when applied to quackgrass at 
the 3- to 5-leaf (90%) and the 5- to 7-leaf (87%) growth stages. Herbicide applications 
applied at the 7- to 9-leaf stage of quackgrass growth resulted in lower quackgrass control 
(25%). Quackgrass control decreased in order of the quizalofop, haloxyfop, fluazifop and 
sethoxydim treatments, respectively. In general, quackgrass control increased as the 
herbicide rate increased. 
The fluazifop, quizalofop and haloxyfop treatments resulted in similar quackgrass 
control by July 21 (48, 37 and 26 DAT at the 3- to 5-, 5- to 7- and 7- to 9-leaf stage of 
quackgrass growth, respectively). The sethoxydim treatments resulted in lower 
quackgrass control than the other herbicide treatments. In general, the higher rate of 
application resulted in greater quackgrass control, however, the interaction between 
herbicide and rate indicated that sethoxydim was the only herbicide which gave greater 
quackgrass control at the higher rate of application. 
The interaction between growth stage and herbicide indicated that the sethoxydim 
treatments resulted in lower quackgrass control than the fluazifop, haloxyfop and 
quizalofop treatments at all three growth stages. The interaction between growth stage, 
herbicide and rate indicated that the sethoxydim treatments when applied at 0.56 kg/ha gave 
similar quackgrass control as the other herbicide treatments when applied to quackgrass at 
the 3- to 5- and 5- to 7-leaf growth stages. Sethoxydim applied at 0.56 kg/ha resulted in 
lower quackgrass control than the other herbicide treatments when application was delayed 
to the 7- to 9-leaf stage of quackgrass growth. Sethoxydim applied at 0.28 kg/ha resulted 
in similar quackgrass control at the 7- to 9-leaf growth stage as fluazifop, haloxyfop and 
quizalofop applied at 0.14 and 0.28 kg/ha. 
Botanical Composition 
The botanical composition of the untreated check at the first harvest was 24% alfalfa and 
76% quackgrass (Tables 9.10-9.12). The average botanical composition of the herbicide 
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treatments was 73% alfalfa and 25% quackgrass. Broadleaf weeds and sedges comprised 
less than 2% of the total forage yields. The alfalfa component of the forage decreased and 
the quackgrass component increased as herbicide application was delayed. 
The botanical composition of the forage was similar between the fluazifop, haloxyfop 
and quizalofop treatments. Forage from the sethoxydim treatments had a greater 
quackgrass component and a lower alfalfa component than the forage from the other 
herbicide treatments. In general, the botanical composition at the first harvest was not 
affected by herbicide rate. The interaction between growth stage and rate indicated that the 
forage from herbicide treatments applied at the 7- to 9-leaf growth stage had a greater 
quackgrass component and a lower alfalfa component at the higher rate of application. The 
interaction between growth stage, herbicide and rate indicated that only the forage from the 
sethoxydim treatments applied at the 7- to 9-leaf stage had a greater quackgrass component 
and lower alfalfa component at the higher rate of application. The botanical composition 
was similar between both rates of application for each herbicide when applied to 
quackgrass at the 3- to 5- and 5- to 7-leaf growth stages. 
The botanical composition of the untreated check at the second harvest was 42% alfalfa 
and 58% quackgrass. The average botanical composition of the herbicide treatments was 
81% alfalfa and 19% quackgrass. The botanical composition was affected by the 
quackgrass growth stage at the time of treatment. The forage from the herbicide treatments 
applied at the 7- to 9-leaf stage of quackgrass growth had a lower alfalfa component and a 
greater quackgrass component compared to the forage from the herbicide treatments applied 
at the 3- to 5- and 5- to 7-leaf growth stages. 
The botanical composition of the forage was similar between the haloxyfop and 
quizalofop treatments. Forage from the haloxyfop and quizalofop treatments had a greater 
alfalfa component and a lower quackgrass component than the forage from the sethoxydim 
and fluazifop treatments. Forage from the sethoxydim treatments had a lower alfalfa 
component and greater quackgrass component than the other herbicide treatments. The 
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alfalfa component of the forage increased and the quackgrass component decreased as 
herbicide rate increased- The interaction between herbicide and rate indicated that the 
botanical composition of the forage from the haloxyfop treatments was most affected by 
herbicide rate. Increasing the rate of fluazifop and quizalofop increased the alfalfa 
component and decreased the quackgrass component of the forage. The botanical 
composition of the forage from the sethoxydim treatments was not affected by herbicide 
rate. 
Sethoxydim, fluazifop, haloxyfop and quizalofop applied at the 3- to 5-, 5- to 7- and 
7- to 9-leaf stage of quackgrass growth reduced first harvest quackgrass yields 
(Tables 9.13-9.15). Herbicide treatments reduced average first harvest quackgrass yields 
(972 kg/ha) by 72% compared to the quackgrass yields of the untreated check 
(3512 kg/ha). 
The growth stage at the time of treatment affected quackgrass yields. First harvest 
quackgrass yields increased as herbicide treatments were delayed. Herbicide treatments 
reduced average quackgrass yields 91, 80 and 46% at the 3- to 5-, 5- to 7- and 7- to 9-leaf 
stage of quackgrass growth, respectively. 
First harvest quackgrass yields were different among herbicide treatments. The 
sethoxydim treatments resulted in greater quackgrass yields than the other herbicide 
treatments. In general, the fluazifop, haloxyfop and quizalofop treatments resulted in 
similar quackgrass yields. 
Quackgrass yields were affected by interactions between growth stage and rate and 
interactions between growth stage, herbicide and rate at the first harvest. In general, 
quackgrass yields were similar between both rates of application. A linear increase in 
quackgrass yields was obtained when the herbicide rate was increased at the 7- to 9-leaf 
stage of growth. The interaction between growth stage, herbicide and rate indicated that 
sethoxydim was the only herbicide treatment when applied to quackgrass at the 7- to 9-leaf 
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Table 9.13 Dry matter yields of quackgrass and alfalfa following postemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop 
in 1986 (Treatments). 
Dry matter yields 
Leaf 
Stage 
Quackgrass Alfalfa 
Herbicide Rate Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
Sethoxydim 
(kg/ha) 
0.28 3-5 1080 ““*48l> 
| (kg/ha) 
1560 1430 "Hi 
Sethoxydim 0.56 3-5 290 300 600 3040 1470 4510 
Fluazifop 0.14 3-5 260 260 520 2880 1580 4460 
Fluazifop 0.28 3-5 170 160 330 3270 1760 5020 
Haloxyfop 0.14 3-5 160 110 280 3000 1660 4650 
Haloxyfop 0.28 3-5 80 60 140 3240 1960 5200 
Quizalofop 0.14 3-5 180 80 260 3290 1780 5070 
Quizalofop 0.28 3-5 180 90 270 3370 1950 5310 
Sethoxydim 0.28 5-7 1420 490 1910 2170 1560 3730 
Sethoxydim 0.56 5-7 800 500 1300 2710 1610 4310 
Fluazifop 0.14 5-7 810 590 1400 2860 1710 4560 
Fluazifop 0.28 5-7 620 480 1100 2860 1670 4530 
Haloxyfop 0.14 5-7 590 480 1070 2940 1650 4590 
Haloxyfop 0.28 5-7 490 30 530 2750 1960 4710 
Quizalofop 0.14 5-7 550 60 610 3130 1940 5070 
Quizalofop 0.28 5-7 400 60 460 3320 2240 5560 
Sethoxydim 0.28 7-9 1950 950 2900 2400 1530 3930 
Sethoxydim 0.56 7-9 2960 1310 4280 1240 1060 2300 
Fluazifop 0.14 7-9 1340 690 2030 2800 1690 4490 
Fluazifop 0.28 7-9 1960 470 2430 1990 1670 3660 
Haloxyfop 0.14 7-9 1970 760 2740 2190 1510 3710 
Haloxyfop 0.28 7-9 1480 200 1680 2290 1740 4030 
Quizalofop 0.14 7-9 1730 430 2160 1670 1460 3130 
Quizalofop 0.28 7-9 1860 190 2060 1620 1680 3290 
Control 3510** 1310** 4820** 1080** 960** 2040** 
** = highly significant (P<0.01) 
353 
Table 9.14 Dry matter yields of quackgrass and alfalfa following postemergence 
applications of sethoxydim, fluazifop, haloxyfop and qiiizalofop 
in 1986 (Main effects and interactions). 
_Dry matter yields_ 
Quackgrass Alfalfa 
Harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
i’ivXvXyl'/XyXvlvXvivi | (kg/ha) •A,X,XvXv!vXvXvXvX‘.' XvXvXvX'XvX'XvX'X 
Leaf Stage 
3 -"5  300c 190c 490c 3120a 1790 4810a 
5-7 710b 340b 1050b 2840a 1790 4630a 
7-9 1910a 630a 2530a 2030b 1540 3570b 
NS 
Herbicides 
Sethoxydim 1420a 670a 2090a 2400 1440b 3840b 
Fluazifop 860b 440b 1300b 2780 1680a 4460a 
Haloxyfop 800b 280c 1070b 2730 1750a 4480a 
Quizalofop 820b 150d 970b 2730 
NS 
1840a 4570a 
Rates (kg/ha) 
low 1000 450 1450 2680 1620 4310 
high 940 320 1260 2640 1730 4370 
NS ** NS NS NS NS 
Herbicide x Rale (kg/ha) 
Herbicide Rate 
Sethoxydim 0.28 1480 640 2120 2470 1510 3980 
Sethoxydim 0.56 1350 710 2060 2330 1380 3700 
NS NS NS NS NS NS 
Fluazifop 0.14 800 510 1320 2850 1660 4500 
Fluazifop 0.28 920 370 1290 2710 1700 4410 
NS NS NS NS NS NS 
Haloxyfop 0.14 910 450 1360 2710 1610 4320 
Haloxyfop 0.28 680 100 780 2760 1890 4650 
NS ** ** NS * NS 
Quizalofop 0.14 820 190 1010 2700 1730 4420 
Quizalofop 0.28 810 110 930 2770 1960 4720 
NS NS NS NS NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (PcO.Ol) 
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Table 9.15 Dry matter yields of quackgrass and alfalfa following postemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop 
in 1984 (Interactions). 
Dry matter yields 
Quackgrass Alfalfa 
harvest 1 Harvest 2 Total Harvest 1 Harvest 2 Total 
jflwwOwwwwwOWWW 
| (kg/ha) | 
Leaf Stage x Herbicide 
Leaf Stage Herbicide 
3-5 Sethoxydim 390b-d 
3-5 Fluazifop 21 Ode 
3-5 Haloxyfop 90e 
3-5 Quizalofop 80e 
5-7 Sethoxydim 500bc 
5-7 Fluazifop 540bc 
5-7 Haloxyfop 260de 
5-7 Quizalofop 60e 
7-9 Sethoxydim 1130a 
7-9 Fluazifop 580b 
7-9 Haloxyfop 480bc 
7-9 Quizalofop 310cd 
Leaf Stage x Rate 
Leaf Stage Rate 
T75" low 420 230 650 3000 1610 4610 
3-5 high 180 150 330 3230 1780 5010 
NS NS NS NS NS NS 
5-7 low 840 400 1250 2770 1710 4490 
5-7 high 580 270 850 2910 1870 4780 
NS ♦ * NS NS NS 
7-9 low 1750 710 2460 2270 1550 3810 
7-9 high 2070 540 2610 1780 1540 3320 
* ** NS * NS NS 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
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growth stage which resulted in greater quackgrass yields when the herbicide rate was 
increased. Fluazifop, haloxyfop and quizalofop applied at 0.14 and 0.28 kg/ha and 
sethoxydim applied at 0.28 kg/ha at the 7- to 9-leaf growth stage resulted in similar 
quackgrass yields. The sethoxydim treatments applied at 0.56 kg/ha and the fluazifop, 
haloxyfop and quizalofop treatments applied at 0.14 and 0.28 kg/ha resulted in similar 
quackgrass yields at both the 3- to 5- and 5- to 7-leaf stage. 
Herbicide treatments increased average first harvest alfalfa yields (2660 kg/ha) by 150% 
compared to the alfalfa yields of the untreated check (1077 kg/ha). Herbicide applications 
delayed beyond the 7-leaf stage of quackgrass growth reduced alfalfa yields. Herbicide 
treatments increased first harvest alfalfa yields at all growth stages compared to the 
untreated check. Herbicide treatments increased average alfalfa yields 189,164 and 88% 
when applied at the 3- to 5-, 5- to 7- and 7- to 9-leaf stages of quackgrass growth, 
respectively. In general, average alfalfa yields were similar at both rates of application, 
however, alfalfa yields at the 7- to 9-leaf stage treatments decreased as herbicide rate 
increased. The decrease in alfalfa yield resulted from the reduced quackgrass control 
obtained from the sethoxydim treatments at the higher rate of application. 
Herbicide treatments reduced average second harvest quackgrass yields (386 kg/ha) by 
71% compared to the quackgrass yield of the untreated check (1311 kg/ha). Quackgrass 
yields increased as herbicide application was delayed. Herbicide treatments reduced 
quackgrass yields by 85,74 and 52% compared to the quackgrass yields of the untreated 
check when applied to quackgrass at the 3- to 5-, 5- to 7- and 7- to 9-leaf stages, 
respectively. 
Second harvest quackgrass yields were affected by herbicide and rate with interactions 
between herbicide and rate, and between growth stage and herbicide. In general, 
quackgrass yields decreased in order of the sethoxydim, fluazifop, haloxyfop and 
quizalofop treatments, respectively. Fluazifop, haloxyfop and quizalofop treatments were 
more affective in suppressing quackgrass regrowth at the higher herbicide rates. The 
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interaction between herbicide and rate indicated that the quackgrass yields from the 
haloxyfop treatments were most affected by herbicide rate. Quizalofop applied at 0.14 and 
0.28 kg/ha and haloxyfop applied at 0.28 kg/ha were the most effective herbicide 
treatments for reducing quackgrass regrowth at the second harvest 
The interaction between growth stage and herbicide indicated that the sethoxydim and 
fluazifop treatments resulted in similar quackgrass yields at the 3- to 5-leaf stage. The 
sethoxydim treatments resulted in greater quackgrass yields than the haloxyfop or 
quizalofop treatments when applied to quackgrass at the 3- to 5-leaf stage. The interaction 
between growth stage, herbicide and rate indicated that sethoxydim applied at the 0.56 
kg/ha rate and fluazifop, haloxyfop and quizalofop applied at 0.14 and 0.28 kg/ha resulted 
in similar quackgrass yields at the 3- to 5-leaf stage. 
The sethoxydim and fluazifop treatments resulted in greater quackgrass yields than the 
haloxyfop and quizalofop treatments at the 5- to 7-leaf stage. The interaction between 
growth stage, herbicide and rate indicated that quackgrass yields decreased as the rate of 
haloxyfop increased. Haloxyfop and quizalofop applied at 0.28 kg/ha resulted in similar 
quackgrass yields at the 5- to 7-leaf growth stage. The sethoxydim and fluazifop 
treatments and haloxyfop applied at 0.14 kg/ha resulted in similar quackgrass yields. 
In general, the sethoxydim treatments resulted in greater quackgrass yields than the 
other herbicide treatments at the 7- to 9-leaf stage, however, sethoxydim applied at 0.28 
kg/ha resulted in similar quackgrass yields as fluazifop and haloxyfop applied at 0.14 
kg/ha. The interaction between growth stage and herbicide indicated the fluazifop and 
haloxyfop treatments and the haloxyfop and quizalofop treatments resulted in similar 
quackgrass yields at the 7- to 9-leaf stage. The interaction between growth stage, herbicide 
and rate indicated that haloxyfop applied at 0.28 kg/ha resulted in lower quackgrass yields 
than the fluazifop and haloxyfop treatments applied at 0.14 kg/ha. The quizalofop and 
haloxyfop treatments applied at 0.28 kg/ha at all growth stages resulted in similar 
quackgrass yields. 
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Herbicide treatments increased average second harvest alfalfa yields (1677 kg/ha) by 
74% compared to the alfalfa yields of the control (964 kg/ha). The growth stage at 
treatment had no affect on second harvest alfalfa yields. Sethoxydim treatments resulted in 
lower alfalfa yields than the other herbicide treatments. The fluazifop, haloxyfop and 
quizalofop treatments resulted in similar alfalfa yields at the time of the second harvest 
Total seasonal quackgrass yields from the two harvests were reduced as herbicide 
treatment was delayed. In general, the sethoxydim treatments resulted in greater 
quackgrass yields than the other herbicide treatments. The fluazifop, haloxyfop and 
quizalofop treatments resulted in similar quackgrass yields. 
The interaction between growth stage, herbicide and rate indicated that sethoxydim 
applied at 0.56 kg/ha resulted in similar total quackgrass yields as the other herbicide 
treatments at the 3- to 5- and 5- to 7-leaf growth stage. Sethoxydim applied at 0.56 kg/ha 
resulted in greater quackgrass yields than the other herbicide treatments at the 7- to 9-leaf 
growth stage. Total seasonal quackgrass yields were not increased for each treatment 
when application was delayed to the 7-leaf stage of quackgrass growth. Quackgrass yields 
increased when herbicide applications were delayed until the 7- to 9-leaf stage. 
The sethoxydim treatments resulted in lower total alfalfa yields than the other herbicide 
treatments. The fluazifop, haloxyfop and quizalofop treatments resulted in similar alfalfa 
yields. Alfalfa yields were reduced when herbicide application was delayed beyond the 
7-leaf stage of quackgrass growth. 
Forage Quality 
First Harvest 
The average acid detergent fiber (ADF) content of alfalfa (alfalfa component) was 
similar among herbicides, rates and stages of application (Table 9.16). The interaction 
between growth stage and rate indicated that the ADF content of alfalfa generally increased 
as herbicide rate increased for treatments applied at the 3- to 5- and the 5- to 7-leaf stage of 
quackgrass growth. The ADF content of alfalfa decreased as herbicide rate increased for 
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Table 9.16 Forage quality analysis of alfalfa and total forage following postemergence 
applications of sethoxydim, fluazifop, haloxyfop and quizalofop in 1986. 
Harvest 1 Harvest 2 
Alfalfa Forage Alfalfa Forage 
Leaf 
Herbicide Rale Stage ADF CP ADF CP ADF CP ADF CP 
Sethoxydim 
(kg/ha) 
0.28 3-5 40.1 20.8 "iff™ ir 
|(%) 
363 sT" 23.9 
Sethoxydim 036 3-5 37.9 22.1 37.9 21.8 333 24.0 33.0 24.0 
Fluazifop 0.14 3-5 38.4 223 38.3 21.9 35.6 23.6 35.0 23.7 
Fluazifop 0.28 3-5 40.4 21.6 40.2 21.4 35.4 23.1 35.1 23.0 
Haloxyfop 0.14 3-5 40.8 21.4 40.6 213 35.0 233 34.6 23.6 
Haloxyfop 0.28 3-5 44.9 21.4 44.6 21.4 35.2 23.4 35.0 23.3 
Quizalofop 0.14 3-5 40.0 21.1 40.0 21.0 34.6 23.4 343 23.4 
Quizalofop 0.28 3-5 39.7 203 39.6 203 343 24.3 343 243 
Sethoxydim 0.28 5-7 403 20.8 39.6 19.0 34.7 223 33.6 22.9 
Sethoxydim 036 5-7 40.4 21.6 39.4 203 37.0 23.0 353 23.0 
Fluazifop 0.14 5-7 41.8 22.0 40.4 20.0 363 22.8 353 22.7 
Fluazifop 0.28 5-7 41.4 21.1 40.6 19.4 36.1 23.7 35.1 233 
Haloxyfop 0.14 5-7 38.1 22.6 37.5 21.0 34.9 23.4 343 233 
Haloxyfop 0.28 5-7 40.4 20.7 39.9 19.8 37.9 223 37.8 223 
Quizalofop 0.14 5-7 40.8 21.9 403 20.8 35.9 233 35.8 233 
Quizalofop 0.28 5-7 463 193 45.6 18.9 37.6 22.8 37.4 22.9 
Sethoxydim 0.28 7-9 41.9 20.6 39.0 17.9 34.9 22.6 33.6 22.4 
Sethoxydim 036 7-9 383 22.6 35.1 14.9 33.6 243 33.1 22.2 
Fluazifop 0.14 7-9 41.0 20.1 38.3 173 36.0 23.2 34.7 22.9 
Fluazifop 0.28 7-9 39.4 203 37.2 16.4 33.8 23.1 33.4 22.9 
Haloxyfop 0.14 7-9 413 19.8 38.0 16.0 34.5 24.1 333 23.1 
Haloxyfop 0.28 7-9 393 213 36.8 18.1 34.9 23.8 343 23.8 
Quizalofop 0.14 7-9 403 21.6 37.2 17.0 34.7 23.0 34.0 22.8 
Quizalofop 0.28 7-9 38.9 22.0 36.1 17.0 36.8 233 36.1 23.6 
Control 412NS 19.7** 39.8NS 133** 34.4NS 23.4NS 33.7NS 22.2* 
Leaf Stage 
3-5 403 213 40.1 21.1a 35.0 23.6 343 23.6a 
5-7 413 213 40.4 19.9a 363 23.0 35.6 23.0b 
7-9 40.0 21.1 37.2 16.8b 34.9 233 34.1 22.9b 
NS NS NS NS NS NS 
Herbicides 
Sethoxydim 39.8 21.4 38.4 18.9 35.0 233 33.9 23.1 
Fluazifop 40.4 21.2 39.2 19.4 35.6 233 34.7 23.1 
Haloxyfop 40.8 212 39.6 19.6 35.4 23.4 34.9 233 
Quizalofop 41.1 21.0 39.8 19.2 35.7 23.4 35.4 23.4 
NS NS NS NS NS NS NS NS 
Rates 
low 40.4 212 39.0 19.4 353 23.2 343 232 
high 40.6 212 39.4 19.1 353 233 35.0 232 
NS NS NS NS NS NS NS NS 
Control mean vs herbicide treatment mean 
NS = no significance 
* = significant (P<0.05) 
** = highly significant (P<0.01) 
Means within columns with common letters are not significantly different at the 5% 
level using Duncan's multiple range test. 
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treatments applied at the 7- to 9-leaf stage of growth. While the increased ADF content of 
alfalfa may be due to the increased maturity of alfalfa at the higher rate of application for 
treatments applied at the 3- to 5- and 5- to 7-leaf stage of quackgrass growth, the lower 
ADF content of alfalfa at the 7- to 9-leaf stage at the higher rate of application may be 
attributed to greater leaf retention by alfalfa due to reduced quackgrass competition. 
Herbicide treatments decreased the average ADF content of quackgrass (35.4%) by 
more than 10% compared to the ADF content of quackgrass in the untreated check (39.5%) 
(Tables 9.17-9.18). In general, the ADF content of quackgrass was similar for treatments 
at the 3- to 5-leaf stage (36.3%) and the 5- to 7-leaf stage (36.4%), but decreased at the 
7- to 9-leaf stage of growth (33.7%). This was attributed to the longer period for 
quackgrass recovery at the earlier growth stages. The ADF content of quackgrass was 
similar among herbicides and rates of appliction although the interaction between herbicide 
and rate indicated the ADF content of quackgrass decreased as the rate of sethoxydim 
increased. 
The average ADF content of the total forage (alfalfa and quackgrass) from the herbicide 
treatments (39.2%) was similar to the ADF content of the forage from the untreated check 
(39.8%) (Table 9.16). The average ADF content of the forage was lower for treatments 
applied at the 7- to 9-leaf stage of growth compared to the other growth stages. The lower 
ADF content of the forage at that growth stage was not due to differences in the ADF 
content of alfalfa for the growth stages but due to the lower ADF content of quackgrass 
component at the 7- to 9-leaf stage of growth which comprised 48% of the total yields. 
In general, the average ADF content of the total forage was similar among herbicides 
and rates of application when averaged over the three growth stages. The interaction 
between growth and rate and growth stage and herbicide indicated some variability in the 
ADF content occurred for herbicides and rates at the different growth stages. The ADF 
content of the forage for treatments applied at the 3- to 5-leaf stage was greater for the 
haloxyfop treatments than the sethoxydim treatments. The ADF content of the forage for 
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treatments applied at the 5- to 7-leaf stage was greater for the quizalofop treatments than the 
sethoxydim and haloxyfop treatments. The ADF content of the forage for treatments 
applied at the 7- to 9-leaf stage was similar for all herbicide treatments. The ADF content 
of the total forage followed the same trend between growth stage and rate as alfalfa 
component although the ADF content was lower for the forage at both rates of application 
for treatments applied at the 7- to 9-leaf growth stage due to the greater quackgrass 
component 
Herbicide treatments increased the average crude protein (CP) content of alfalfa (21.2%) 
by 8% compared to the CP content of alfalfa in the untreated check (19.7%) (Table 9.16). 
The lower CP content may be due to lower leaf retention of the alfalfa in the untreated 
check as a result of the quackgrass competition. The CP content of alfalfa was similar 
among herbicides, rates and stages of application. The interaction between growth stage 
and rate indicated the CP content of alfalfa was not affected by rate for treatments applied at 
the 3- to 5-leaf stage of quackgrass growth. The CP content of alfalfa decreased as 
herbicide rate increased at the 5- to 7-leaf stage. The CP content increased as herbicide rate 
increased for treatments applied at the 7- to 9-leaf stage. The differences in the CP content 
was attributed to both the quackgrass competition and the stage of the forage maturity prior 
to harvest. 
Herbicide treatments increased the average CP content of quackgrass (15.9%) more 
than 38% compared to the CP content of quackgrass from the untreated check (11.5%) 
(Tables 9.17-9.18). The CP content of quackgrass decreased in order of the treatments 
applied at the 3- to 5-leaf stage (20.1%), the 5- to 7-leaf stage (14.7%) and the 7- to 
9-leaf stage (12.8%). The greater CP content of quackgrass at the earlier growth stages 
was attributed to a longer period of time for new quackgrass regrowth following treatment. 
In general, the CP content of quackgrass was similar between the quizalofop and 
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sethoxydim treatments and for the sethoxydim, fluazifop and haloxyfop treatments. The 
CP content of quackgrass was lower for the fluazifop and haloxyfop treatments compared 
to the quizalofop treatments. 
Although the average CP content of quackgrass was not affected by rate of application, 
the interaction between herbicide and rate indicated the CP content of quackgrass increased 
as the rate of haloxyfop increased. The interaction between growth and herbicide indicated 
some variation in the CP content of quackgrass among herbicide treatments at the different 
growth stages. The CP content of quackgrass for treatments applied at the 3- to 5-leaf 
stage increased in order of the sethoxydim, fluazifop, haloxyfop and quizalofop treatments 
respectively with the CP content of quackgrass similar for the sethoxydim and fluazifop 
treatments, the fluazifop and haloxyfop treatments and the haloxyfop and quizalofop 
treatments. The CP content of quackgrass for treatments applied at the 5- to 7-leaf stage 
was similar for the sethoxydim and quizalofop treatments and for the fluazifop and 
haloxyfop treatments. The CP content of quackgrass for treatments applied at the 7- to 
9-leaf stage was similar among all herbicide treatments. The interaction between growth 
stage and rate indicated a linear increase in the CP content of quackgrass at the higher rate 
of application for treatments applied at the 3- to 5- and the 5- to 7-leaf stage, but a linear 
decrease in the CP content of quackgrass occurred at the higher rate of application for 
treatments applied at the 7- to 9-leaf growth stage. 
The CP content of quackgrass from the untreated check (11.5%) was 42% lower than 
the CP content of alfalfa from the untreated check (19.7%). This had a significant effect on 
the CP content of the total forage in the untreated check. Herbicide treatments increased the 
average CP content of the total forage (19.3%) by 43% compared to the average CP 
content of the untreated check (13.5%) (Table 9.16). The average CP content of the total 
forage decreased as the herbicide treatments were delayed. The average CP content of the 
forage decreased in order of the treatments applied at the 3- to 5-leaf stage (21.1%), the 
5- to 7-leaf stage (19.9%) and the 7- to 9-leaf stage (16.8%). The lower CP content at the 
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latter growth stages was attributed to the increased quackgrass content of the forage as 
herbicide application was delayed. Although the CP content of the total forage was similar 
among herbicides and rates of application, the interaction between growth stage, herbicide 
and rate indicated some differences in the forage quality among some herbicide treatments 
between rates as a result of differences in the quackgrass content of the forage. 
Second Harvest 
The ADF content of alfalfa was not affected by herbicides, rates or the stage of 
application (Table 9.16). Herbicide treatments reduced the ADF content of quackgrass 
(30.8%) by more than 6% compared to the ADF of quackgrass from the untreated check 
(32.9%) (Tables 9.17-9.18). The ADF content was similar for treatments applied at the 
5- to 7-leaf stage (31.2%) and the 7- to 9-leaf stage (31.4%) but lower for the treatments 
applied at the 3- to 5-leaf stage (29.6%). The lower ADF of quackgrass at this growth 
stage may be attributed to greater suppression of quackgrass growth by alfalfa. Although 
the ADF content of quackgrass was not affected by herbicides or the rate of application, 
some variation in the ADF content of quackgrass occurred between herbicides at the three 
growth stages. The ADF content ranged from 29.0 to 30.1%, 30.5 to 32.6% and 30.6 to 
32.1% for the treatments applied at the 3- to 5-, 5- to 7- and the 7- to 9-leaf stage of 
quackgrass growth. The variation in the ADF content of quackgrass among herbicides was 
attributed to the residual quackgrass control. The ADF content for the total forage was not 
affected by herbicides, rates or the stage of application due to the lower ADF content of 
quackgrass (Table 9.16). 
The CP content of alfalfa was not affected by herbicides, rates or the stage of 
application (Table 9.16). Herbicide treatments increased the CP content of quackgrass 
(23.3%) by more than 8% compared to the CP content of quackgrass from the untreated 
check (21.5%) (Tables 9 17-9.18). The CP content of quackgrass decreased in order of 
treatments applied at the 3- to 5- (24.4%), the 5- to 7- (23.5%) and the 7- to 9- (22.0%) 
leaf stage of quackgrass growth. The CP content of quackgrass was greater for the 
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Table 9.17 Forage quality analysis of quackgrass following postemergence applications 
of sethoxydim, fluazifop, halox>Top and quizalofop in 1986 (Treatments). 
Harvest 1_Harvest 2 
Leaf 
Herbicide Rate Stage ADF CP ADF CP 
(kg/ha) 
Sethoxydim 0.28 3-5 36.8 17.8 29.8 25.1 
Sethoxydim 0.56 3-5 34.1 20.1 29.8 24.8 
Fluazifop 0.14 3-5 35.6 193 28.6 25.0 
Fluazifop 0.28 3-5 34.9 19.8 30.4 22.4 
Haloxyfop 0.14 3-5 37.0 20.0 29.0 23.8 
Haloxyfop 0.28 3-5 36.5 21.4 29.0 23.8 
Quizalofop 0.14 3-5 38.0 21.2 30.1 25.1 
Quizalofop 0.28 3-5 373 21.1 30.1 25.1 
Sethoxydim 0.28 5-7 37.9 16.2 30.3 243 
Sethoxydim 0.56 5-7 35.1 163 30.6 23.1 
Fluazifop 0.14 5-7 353 133 31.8 22.6 
Fluazifop 0.28 5-7 34.9 12.8 30.8 23.0 
Haloxyfop 0.14 5-7 353 12.7 32.6 23.1 
Haloxyfop 0.28 5-7 36.8 15.0 32.6 23.1 
Quizalofop 0.14 5-7 373 15.1 30.6 243 
Quizalofop 0.28 5-7 37.8 16.6 30.6 243 
Sethoxydim 0.28 7-9 35.4 143 31.5 22.0 
Sethoxydim 0.56 7-9 33.4 11.6 32.7 203 
Fluazifop 0.14 7-9 323 133 31.5 21.8 
Fluazifop 0.28 7-9 35.1 123 31.4 21.9 
Haloxyfop 0.14 7-9 34.6 11.8 32.2 213 
Haloxyfop 0.28 7-9 32.7 13.1 30.5 23.0 
Quizalofop 0.14 7-9 323 13.4 30.6 223 
Quizalofop 0.28 7-9 33.4 12.8 30.6 23.6 
Control 393** 113** 32.9** 213** 
Control mean vs herbicide treatment mean 
** = highly significant (P<0.01) 
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TablC 9-18 offiS f°Uowing postemergence applications 
interactions)™’ fl^P' hal°Xyfop and 1“lzalofoP “ 1986 (Main effects and 
Harvest 1 Harvest 2 
Leaf Stage 
ADF CP ADF CP 
(%): 
3-5 363a 20.1a 29.6b 24.4a 
5 - 7 36.4a 14.7b 313a 233b 
7-9 33.7b 12.8c 31.4a 22.0c 
Herbicides 
Sethoxydim 35.4 16.0ab 30.8 233b 
Fluazifop 34.8 153b 30.8 22.7b 
Haloxyfop 35.5 15.7b 31.0 23.0b 
Quizalofop 36.1 16.7a 30.4 243a 
NS NS 
Rates 
low 35.7 15.7 30.8 23.4 
high 35.2 16.1 30.8 233 
NS NS NS NS 
Herbicide x Rate (kg/ha) 
Herbicide Rate 
Sethoxydim 0.28 36.7 16.1 30.6 23.8 
Sethoxydim 0.56 34.2 15.9 31.1 22.7 
** NS NS ** 
Fluazifop 0.14 34.4 153 30.7 23.0 
Fluazifop 0.28 35.1 15.0 30.9 22.4 
NS NS NS NS 
Haloxyfop 0.14 35.8 14.8 313 22.7 
Haloxyfop 0.28 35.2 16.6 30.7 233 
NS ** NS NS 
Quizalofop 0.14 35.8 163 30.4 24.0 
Quizalofop 0.28 36.2 16.8 30.4 24.4 
NS NS NS NS 
:>x* 
---ilUl ai^llXllV'CUILijr UiliClCill UlC 
level using Duncan’s multiple range test 
NS = no significance; * = significant (P<0.05); ** = highly significant (PcO.Ol) 
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haloxyfop treatments compared to the other herbicide treatments. The CP content of 
quackgrass was similar among the other herbicide treatments. Although the CP content of 
quackgrass was not affected by herbicide rate, the interaction between herbicide and rate 
indicated the CP content decreased as the rate of sethoxydim increased. The differences in 
the CP content of quackgrass may be attributed to both differences in residual quackgrass 
control and alfalfa growth from herbicide treatments. 
The CP content of the total forage was lower for the untreated check (22.2%) compared 
to the average CP content of the forage from the herbicide treatments (23.2%) due to the 
lower CP content of quackgrass in the untreated check which comprised 58% of the total 
forage yields. The CP content of the total forage was lower at the 5- to 7- and 7- to 9-leaf 
stage of growth than at the 3- to 5-leaf stage of growth due to the greater quackgrass 
component (Table 9.16). The CP content of the total forage was similar between 
herbicides regardless of the rate of application due to the greater CP content of the 
quackgrass component. 
Discussion 
Results from this study indicated that fluazifop, haloxyfop and quizalofop resulted in 
excellent selective control of quackgrass in new seedings of alfalfa at application rates as 
low as 0.14 kg/ha. Sethoxydim applied at 0.28 and 0.56 kg/ha resulted in lower 
quackgrass control than the other herbicide treatments. 
Early removal of the quackgrass competition was necessary for good legume 
establishment. Quackgrass control decreased when herbicide applications were delayed to 
the 7- to 9-leaf stage of quackgrass growth. A number of other studies have also shown 
quackgrass control decreased when herbicide applications were delayed (3,4, 10,11, 26). 
The crown tissue is important in the growth of quackgrass since the rhizome growth is 
renewed annually from axillary buds at the base of the aerial shoot (27). Stoltenberg and 
Wyse (23) found reduced control of quackgrass with postemergence grass herbicides at the 
later growth stages was most likely due to regrowth from buds within the crown tissue as 
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well as the rhizome tissue. Although they found postemergence grass herbicides 
significantly reduced crown tissue viability at the eight leaf stage of quackgrass, a larger 
percentage of crowns were capable of shoot production at the later stages of growth. 
Herbicide treatments increased the proportion of alfalfa in the forage and improved the 
forage quality by lowering the ADF and increasing the CP content of the forage. Herbicide 
treatments lowered the ADF and increased the CP content of the forage components. The 
average ADF content of the alfalfa and quackgrass components from the herbicide 
treatments was lower compared to the alfalfa and quackgrass components of the untreated 
check indicating increases in forage digestibility as a result of herbicide treatments. Leroux 
and Harvey (15) reported similar results with pronamide [3,5-dichloro (N-l,l-dimethyl- 
2-propynl benzamide] and sethoxydim applied to established alfalfa. In addition, the CP 
content of the untreated quackgrass was lower than that of the untreated alfalfa. The CP 
content of the alfalfa competing with quackgrass was lower than that of the treated alfalfa. 
Herbicide treatments also increased the CP content of the quackgrass. This is in agreement 
with the work of Leroux and Harvey (15). 
The greater CP content and lower ADF content of the treated alfalfa may be due to 
greater leaf retention for alfalfa from the herbicide treatments in the absence of quackgrass 
competition. Otherwise, an increase in the forage quality would normally occur when plant 
growth is retarded under stress conditions. Other researchers have reported that the rate of 
symbiotic nitrogen fixation is reduced when alfalfa plants are growing in combination with 
quackgrass resulting in the lower CP content (14). Weston and Putnam (28, 29) have 
shown quackgrass may inhibit the legume, Rhizobium symbiosis, by inhibiting root hair 
formation on alfalfa. 
Until recently there have been no herbicides available for selective postemergence 
quackgrass control in seedling alfalfa. Postemergence grass herbicides can provide 
selective quackgrass control in alfalfa without crop injury resulting in increases in alfalfa 
yield, stand longevity, and forage quality. Results from these studies indicated that 
367 
seedling alfalfa can recover from quackgrass competition if the quackgrass can be 
controlled prior to the 7-leaf stage of growth depending on environmental conditions and 
the severity of the quackgrass infestation. A postemergence weed control program for 
forage legumes can offer greater flexibility and ease of application for quackgrass control in 
both new and established stands of alfalfa. 
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Table 9.26 Analysis of variance for forage quality analysis of the first harvest quackgrass 
following postemergence applications of sethoxydim, fluazifop, haloxyfop 
and quizalofop in 1984. 
Source df 
ADF CP 
MS F MS F- 
Growth (G) 2 14.42 2131** 4630 516.67** 
Treatments (T) 4 28.40 5236** 9.15 133.61** 
Control (C) vs other T 1 52.47 97.17** 33.14 473.43** 
Herbicides (H) 3 2038 30.00** 1.16 1330** 
GxT 8 237 437** 2.80 40.90** 
G vs Control 2 2.89 534** 930 132.86** 
GxH 6 230 334* 0.63 7.41** 
Error a (w) 15 034 0.07 
Error b (w) 12 0.68 0.09 
Error a- T, Control vs T. G x T, G vs Control (+C) 
Error b- H, G x H (-C) 
NS = no significance; * = significant (P<0.05); ** = highly significant (P<0.01) 
w = within sum of squares 
Table 9.27 Analysis of variance for forage quality analysis of the second harvest 
quackgrass following postemergence applications of sethoxydim, fluazifop, 
haloxyfop and quizalofop in 1984. 
Source 
ADF CP 
df MS F MS F 
Treatments (T) 4 0.61 3.26NS 1.42 5.35* 
Control (C) vs other T 1 0.63 3.35NS 138 530NS 
Herbicides (H) 3 0.60 6.70* 1.44 7.66* 
Error a (w) 6 0.19 037 
Error b (w) 4 0.09 0.19 
Error a- T, Control vs T (+C) 
Error b- H (-C) 
NS = no significance; * = significant (P<0.05) 
w = within sum of squares 
376 
T
ab
le
 9
.2
8
 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
q
u
ac
k
g
ra
ss
 c
on
tr
ol
 f
o
ll
o
w
in
g
 p
o
st
em
er
g
en
ce
 
ap
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
nd
 q
u
iz
al
o
fo
p
 i
n
 1
98
6.
 
VO oo 
Cl 
r- 
vo 
oo 
CO 
s 
CO 
s 
<L> 
o 
CO 
* 
* 
o 
r-H 
ON in 
******** 
******** 
o ^ oo vo 
cn »n oo m 
vo oo »n cn rfr* >-<' \n 
vo oo (N tJ- (S *—• 
cn cn 
CN 
CO 
£ Ti¬ 
cs 
* 
* 
o 
vo 
CN 
in 
oo 
co 
oo r- o »n Tf oo vn r- <N co co ON 
ON oo r-~ ON vo p CN O VO Tf VO vo 
H © Tt oo CN oo T+ co ON Tt OO co 
CN Tt oo r- Ov o <**S i VO co CN vo CN 
Tfr vq »n CN CN 05 »—• CN 
CN oo vo CO 
5 
»n 
* 
* * * 
cn 
* 
* 
* 
* 
* 
* 
oo 
£ 
* 
* * * 
00 
£ 
oo 
Z 
oo 
z 
CO © On CN r- OO CO oo O oo p «n r- oo oo in CN 
vo' r—< oo CN CN * < o 
o CO CN CN r- 
ON in OO OO CN O CN On Tj- CN o © CO OO r-H 
OO oo r—1 o VO r- CN OO CO CO o vO On *—1 m 
oo CN VO © O oo CN CO rf o VO VO On r-4 CO 
CO VO Tt o in CN VO oo CO CO CN CN 
ON C^ VO Tt VO 
CN Tt VO CO 
CO CO 
CO r-H CO CN VO CN VO 
CN CN Tf oo VO oo CN 
O H 
x ^ 
o 
•s 
o 
vi 
> 
O m s O « e 
•5 
£ 
. 2 
« o 
oo 
.X 
8 8 
w 
c 
<u 
2 
03 
5 
S 
C 
o 
CJ 
CO 
1> s 
3 & 
•g CO •P D 
fc 2 * 
X & ffi 
g 
C 
O 
U H 
x > 
O O 
X X 
O O 
Tt Tj- 
PP 
X X 
06 PQ « 
X 
PCI 
X5 O 
t-> u< 
^ o o 
* fc b 
o w w 
— ^ 
o 
o 
V 
cu 
o 
id • ^ 
c 
00 
• 
C/5 
2 
00 • ^ 
II 
* 
* 
g 
G 
O 
O 
in 
o 
eo 
> 
X 
PC 
x 
o r 
o“ § 
. X 
H Q 
^ »* 
O ® 
.. X 
O 
_r i> a o 
o 
V 
cu 
o
& 
G 
00 
co 
II 
* 
CO 
> 
u I 
a 
e0 
t-c 
O s 
w 
Ko in 
o 
b 
g 
O 0$ c _ oo 
• H 
C/5 
o 
G 
II 
CO 
£ 
H PC 
i 
-O 
g 
o 
u. 
o 
fc 
W W 
377 
T
ab
le
 9
.2
9
 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
b
o
ta
n
ic
al
 c
o
m
p
o
si
ti
o
n
 o
f 
th
e 
fo
ra
g
e 
fo
ll
o
w
in
g
 
p
o
st
em
er
g
en
ce
 a
p
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
n
d
 
q
u
iz
al
o
fo
p
 i
n
 1
98
6.
 
* 
wo 
r- 
o 
00 00 CO 00 
*****5*444 
oor-<Nr-oocom^r-ON 
0\Tj-00 00(S'OcO^’^vO 
vo wo O wo co 
CS CO CS 
CO 
. oni''-*—'Owowot^coNOwowococoTt- 
OO CO On ON O >“I Tt 1—I O CO O CO in OO rj-j Si* : . ... .• • • 
TtH|so^'0^’OON'n«o'00\HT)- 
coint"covo>n'-'TfOco*-iino^O' 
1^ |r- vo 
S co \0 >  i i ^ O 
rf Tf On W0 CO *-• CO 
»» »> ► 
fN (S r-> 
a, 
C/3 
C/3 
* 
* 
r- 
oo 
NO 
* 
* 
* 
* 
00 00 
Z £ 
* 
* 
* 
* 
CO 
£ * cor-~o\ooooooroO\^’—< 
co vq wn cs ^t r^ oo o Tt 
d'OhddcnTt'd'ncs 
CO H t-I 
<S 
o e$ 
3 
00 
It^cooNOOvONOowoTj-cooNvocqNqoN 
jwo^-ivooN>-jcsoor^wocq^r^csoNwo| 
csoovOvwocor^ooONOONOoco^ 
1 vo — votN^fwnr-ooO^tON r-* CN l^lco o OO W0 t"" ** 
(N O 
<S 
CO CO WO CS 
tL. 
*2 
!c3 
* 
* 
CO 
vo 
• 
r- 
wo 
* * * g £ 
* * * 
WO vo OO WO CO 
to [s o d 
o cs OO © o 
CO *—< 
<N 
* * GO CO 
* * iz; * z 
o Tt ^ 'O oo 
^ ^ ’—* ’ i c^i 
CO Tf ,4 Tt cs 
o OO O 
pv cq cs 
I co 12^ °® ^ 
i—ir-~oowovocoNOcsco 
rj-oot— VO Tt OO IO t— »“• 
O O vd Tt CS rf o oi 
CO Tt NO CO CO Tt 
r-i °t 00 
ON CS On 
|rT co <—■ 
cs co oo 
co <s 
o 
-S' 
M 
-S' 
On 
rH 
CS 
VO 
wo 
O vol 
On On 
CS CS oo 
h co H co CS vo CS vo 
VO OO CS 
Tf -s- 
t> 
■s o 
o£2g 
OO 
U C/3 c- —C W x-s 
5 T3 ^ 
g *0 *3 * . 
„ § i ■•§ s * 
£|3 5 <§ £ <3 :£ «2 K 
c 
o 
pp 
X X 
Pi « PQ 
x > x x 
a a a o o w w 
* § 
378 
E
rr
o
r 
a-
 G
 (
-C
) 
E
rr
o
r 
b-
 T
, 
C
o
n
tr
o
l 
vs
 T
, 
G
 x
 T
, 
G
 v
s 
C
o
n
tr
o
l 
(+
C
) 
E
rr
o
r 
c-
 H
, 
R
, 
H
 x
 R
, 
G
 x
 H
, 
G
 x
 R
, 
G
 x
 H
 x
 R
 (
-C
) 
N
S
 =
 n
o 
si
g
n
if
ic
an
ce
; 
* 
=
 s
ig
n
if
ic
an
t 
(P
<
0
.0
5
);
 *
* 
=
 h
ig
h
ly
 s
ig
n
if
ic
an
t 
(P
cO
.O
l)
 
T
ab
le
 9
.3
0
 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
d
ry
 m
at
te
r 
y
ie
ld
s 
o
f 
al
fa
lf
a 
fo
ll
o
w
in
g
 p
o
st
em
er
g
en
ce
 
ap
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
nd
 q
u
iz
al
o
fo
p
 i
n
 1
98
6.
 
o 
H 
C-4 
C/3 
s 
Hi 
CO 
s 
H. 
CO 
s 
1> 
§ 
O 
CO 
* 
CO 
w 4L GO CO CO C/3 CO C/3 CO ■Jr * 
r% 
* * z z £ £ £ £ 
(N OO vo 1—< oo <N CO VO VO 
O <N ON 1—» wn wn rH CN o r- 9 
o OO 
VO 
CN o O r-H cn CN © 
in in m r-i co O oo i—i o Tt (S ^ 
•k 9k 9k 0> 0* 0* ** »>»«»> 
'OTfcoo\0(STt(^txt<'’H'0'Hrs(^ 
o r- r- OO On (N t— CO CO VO m N ^ oo 
co oo o «—i t-i o coONOvoo^j-invovo 
>n o >h ^ n m *-* r-i 
i—1 TT 
CO 
Z 
On 
VO 
o 
^ CO CO CO CO CO CO CO 
s;t OrHOO<NTt^'-'^l^O 
\OHrs00^,vn(S'O>nco 
tsO\TTHHOHOOO 
CO 
Ot^-Ocoosvooorfr^r^oocs—*cooo 
0N<N^0\io00<NCO<S00COr-00 00O 
PxCOOHJcOOCOOOMCOTtOOOa 
V _ 9> 9. #* ' * #k 9k 9k 9k 9k 9k 9 9 9 9 
tnCNVOONrsjiOQOOrrcNiOQcOCOQN 
rooo»nc»vocsO»nvocor^'Ocooo 
^-cri'nr^ol^^rH i—ii—• 
9k "^9k 
« Tf 
* 
* 
cs 
CO 
9 
r-H 
«n 
- - CO CO CO 
i* CO ON CO 1—1 1—1 CN 
un o Ov *”• cs i—• 
9 9 • • • • 
o r- i—’ o o <n 
i—* t— 
CO CO CO 
* ZZ2 
r-t OO rH Tf 
CS VO H r—I 
9 9 9 9 
Tt i—1 CO i—I 
inNninr>ioooooov0r'0'T}'(^(N)2) 
r** £1 £ oo <n o © CO vq © 
9k ' * ^ 9k 9k 9k 9k ' * ^9 9 9 9 9 
OO in ON m CO O ^ N VO O CO oo Q VO ^rH^^'ncnnn^oo^^vqoo 
<N ^ ^ ^ wo m 5 Tt oo co (N (N 
^ 9 9k »k 
’-H (No T“' 
CN 
rH CO it CO (N VO CN VO 
cs cs tj- oo oo £} 
o 
x 
a> 
■s o 
C/3 
> 
mSn|y|- 
•g s (s§t33ge>SH„Woc 
SowHussiaoooooww 
PP 
X X 
os ©g, 
° 
x § b 
379 
E
rr
o
r 
a-
 G
 (
-C
) 
E
rr
o
r 
b-
 T
, 
C
on
tr
ol
 v
s 
T
, 
G
 x
 T
, 
G
 v
s 
C
o
n
tr
o
l 
(+
C
) 
E
rr
o
r 
c-
 H
, 
R
, 
H
 x
 R
, 
G
 x
 H
, 
G
 x
 R
, 
G
 x
 H
 x
 R
 (
-C
) 
N
S
 =
 n
o 
si
gn
if
ic
an
ce
; 
* 
=
 s
ig
n
if
ic
an
t 
(P
<
0.
05
);
 *
* 
=
 h
ig
hl
y 
si
g
n
if
ic
an
t 
(P
<
0.
01
) 
T
ab
le
 9
.3
1 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
d
ry
 m
at
te
r 
yi
el
ds
 o
f 
q
u
ac
k
g
ra
ss
 f
o
ll
o
w
in
g
 
p
o
st
em
er
g
en
ce
 a
p
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
nd
 
q
u
iz
al
o
fo
p
 i
n 
19
86
. 
* 
* 
* 
* 
■ft 
* 
* 
•» 
00 00 
Z Z 
* 
•» 
* 
ft 
CO 
z 
CO 
Z * 
NO r- ON oo © ON oo NO r- r- ^H 
n< oo >o On ON >o hH NO oo CN o H 
NO CO CN r—; CO NO r-f CN CO 
r-H rH rH 
r-H CO 
. 
w 
H NO r» 
s 
»0 rf o vo CO r-H >o NO C\ NO CN 
On «o On »o rH oo VO f-H •o rH CO «o VO NO 
CO 
CO CO «q vo oo NO CN ^H vq On vq 
r-H © CO r->* ^H VO NO CN 
8 
»o r-" 
s CN t"» OO CO 
8 
CO o 
8 
CN CO o NO r-H On NO rH On vo vo CO oo CO NO oo CO CN 
VO CO NO Tf f-H Tf 
CN r“H On 
* -ft ■ft ■ft •ft ft ■ft * * CO 
•ft ft ■ft ■ft •ft * ■ft ■ft * Z ft 
VO 
O 
r“H 
CO 
r- 
r- 
• 35 • • 
r^- 
• 
CN 
CN • 
OO 
On 
• 
CO 
CN 
• 
oo 
CO 
rH 
r-H Ov O On CO tJ- o CN 
cs rf r-H CO 
w CN 00 
D 
NO r- r** CN r- H- f-H oo r- oo On CN 
X 
(N o oo CN rH VO VO r-H CN oo CO r- VO f-H 
CO 
CO VO vq VO r-H tT CO r-H rH vq NO 
CO © »o vo NO VO OO NO 
8 
NO oC rH CN f-H o' 
s NO r- rH OO rH oo CO NO CN rH oo CO CO T—l tH cn OO On CN r-H f-H f-H 
rH 1-H VO 
* ■ft •ft * oo oo •ft ft- CO 
* •ft •ft * z z ■ft ft Z * ft 
CN >o Tf o oo ON OO CO oo o 
Uh r-H • 
r-H On 
• r-H • 
NO VO • • r-» • NO NO • O) 
»o © r-H r-H o o CO oo C) rr CN 
CN On f-H 
rH t-H CN 
W 
C/2 
<D 
oo OO r- CN r- NO CO H* NO CO oo f-H >o H- O 
PC NO o VO VO 
rH r-H CN NO vo f-H ON r^- CO 
NO On O CN OO NO r- CN VO Tf VO 
CO CO «o CO o K © NO On CN 
8 
CN CO VO CN 
r- On CO oo OO oo r- ON VO oo NO f-H r- ^H CO VO r-H ©^ »q NO VO CN vo H- T—• 
vo r*^ r-H r-H CO 
VO 
<4-1 rH cn rH CO CN vo CN vo 
<N <N oo VO oo CN 
H 
rH 
Nh 
D 
■s 
✓—\ 
O' '^"N 
O H 
x 'TP 
© 
CO 
> 
/-> 
/^N 
s 8 
PP 
X x 
o 
g 
^— 
PQ 
GO 
.X 
o 
o V_✓ 
•s 
* 
© I 
u 
rH 
§ 
GO 
D 
T3 • rH 
o 
• rH 
X> 
© 
e/i X H 
B 
c 
o 
u 
PC 
X CQ 
S’ 
Dh PC Jh 
© 
o 
>H 
o 
O 
CO 
O » < s 
o 
b 
W £ 
C 
O 
u 
<3 
PC 
•*= 
C3 
X 
X 
PC 
X 
o 
> 
o 
X 
O 
X 
O 
X 
O 
b 
w 
b 
w 
380 
E
rr
o
r 
a-
 G
 (
-C
) 
E
rr
o
r 
b-
 T
, 
C
o
n
tr
o
l 
vs
 T
, 
G
 x
 T
, 
G
 v
s 
C
on
tr
ol
 (
+
C
) 
E
rr
o
rc
-H
,R
,H
x
R
,G
x
H
,G
x
R
,G
x
H
x
R
 (
-C
) 
N
S
 =
 n
o 
si
gn
if
ic
an
ce
; 
* 
=
 s
ig
n
if
ic
an
t 
(P
<
0.
05
);
 *
* 
=
 h
ig
h
ly
 s
ig
n
if
ic
an
t 
(P
<
0.
01
) 
T
ab
le
 9
.3
2
 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
fo
ra
g
e 
q
u
al
it
y
 o
f 
th
e 
fi
rs
t 
h
ar
v
es
t 
al
fa
lf
a 
an
d 
to
ta
l 
fo
ra
g
e 
fo
ll
o
w
in
g
 p
o
st
em
er
g
en
ce
 a
p
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
nd
 q
u
iz
al
o
fo
p
 i
n 
19
86
. 
4> 
tJJQl 
rt 
O 
P-. 
4-t 
13 
a, 
U 
Q 
U 
Q 
Uh 
00 
U-. 
CO 
00 
00 
s 
<u 
o 
00 
* 
* 
Tt 
cn 
oo 
cn 
* - 00 00 00 - 
* * £ £ £ £ * gg 
OO o O O oi o 
* 
ON 
cn i/o vo 
O O CN 
qU0O»—•^TtVO'OVOWONOOONOOOO 
/—V NO Cn to ^0 >—* i-H H T^- ("—> I ——I , 
»“• cn r-~ r—i 
i CN 
00 
£ r- 
o 
NO 
00 00 00 00 00 00 00 
NO CO OO o cn r-~ _ . .
>-1 Tt 0\ CO IT) 
• • • • 
^ o o o 
oo 
* * *z 
CO 1—I ON 
r- cn cn cn no 
♦ * ♦ • • 
CN CO O 
coTfoocoTtNO*—'cor^ONr^-cot^r^’—• 
Min(NTtooO\\OOO^h^^k(N 
r-'-TtcNr-cNNocN—'CNooNOcoTtNor-^ 
CN ^ ^ ^ »—i CN 
00 * 00 00 00 00 00 00 oo 
Z » * ZZ2ZZZ* Z 
CN O CN O *—« i-H'O^J-t/OCN 
—I* — * —* . • •••••• 
O ^OOOCN^HO^COO 
Tj-NOONTfONNOt/OCO*—I NO OO Is* O CO NO 
r^^-CNCOCON-ONOcOOONOtOON' 
cOOCN'^tONOOTtCNOcOf^'O 
oo oooooooooooooooo 00 
£ £ 
*—• iri'-iQ5\\oinTt'^ooo 
w~> ooinNOOcom-—'OcNr^ 
o ddddni-Idcscod 
CN 
MinOrfWH 
on cn r" r- o o • ••••• 
oo ON C\ NO rf 
NO OO 1-* 
co co 
WO o CN 
no no oo Tf in 
O Tt On CO 
no* no oo 
—I CN 
CO 
CN CN O' OO 
cn cn 
NO 
NO CN NO 
oo CN 
n- Tt 
« 
05 
M 
PQ 
a 
a h 
X w 
e 
*5 
> t-. 
8 i 
o w 
oo w 
c o 
aJ 
£ 
H 
Ui 
(D 
•5 
o /^-s 
>£ 
✓—\ UM 
, <D ^ 
T3 cX 
o o s~' . 
C M & * 
O o CD K 
UKoJSCOO 
H 
X 
c 
o 
u 
C/i 
> 
. pp 
X x 
* ©e 
K X) o 
K 04 ffi b U- 
x x x 2 8 
OOOWW 
u 
I 
a 
t-l o 
b 
w 
381 
E
rr
o
r 
b-
 T
, 
C
on
tr
ol
 v
s 
T
, 
G
 x
 T
, 
G
 v
s 
C
o
n
tr
o
l 
(+
C
) 
E
rr
o
r 
c-
 H
, 
R
, 
H
 x
 R
, 
G
 x
 H
, 
G
 x
 R
, 
G
 x
 H
 x
 R
 (
-C
) 
N
S
 =
 n
o 
si
gn
if
ic
an
ce
; 
* 
=
 s
ig
n
if
ic
an
t 
(P
<
0.
05
);
 *
* 
=
 h
ig
h
ly
 s
ig
n
if
ic
an
t 
(P
cO
.O
l)
 
T
ab
le
 9
.3
3
 
A
n
al
y
si
s 
o
f 
v
ar
ia
n
ce
 f
o
r 
fo
ra
g
e 
q
u
al
it
y
 o
f 
th
e 
fi
rs
t 
an
d 
se
co
n
d
 h
ar
v
es
t 
q
u
ac
k
g
ra
ss
 f
o
ll
o
w
in
g
 p
o
st
em
er
g
en
ce
 a
p
p
li
ca
ti
o
n
 o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
nd
 q
u
iz
al
o
fo
p
 i
n 
19
86
. 
- * cn 00 00 00 00 00 
* 
* 
* * * X * Z Z Z Z Z 
oo 
CO 
NO 
NO In oo o 
■"t 
1-H 
«—i o 
On p 
rH 
p s s 
On OO V£> NO O CO *-< CN 1-H r—t CN 
CO CO 
a, 
U 
co 
O in CN CN CO o On O CO Tt NO oo >n 
NO oo oo (S in "'t cn CN OO CO NO NO 
s »n in it in o CN d o d 
<N 
<N CN 
*-* 
CO 
<D 
* 
* 
* 
* 
- 00 oo co 00 
* Z 
* 
* 
00 
Z 
00 
Z X 
u« 
On o NO O © 
Nt OO o 
NO co oo CN tH o 
cn On CN r- VO Tt 
uu 
• 
r-H 
CN 
»n 
000 
r- o o 
CO 
• 
O CN CO CO o 
• 
Q 
< 
CO 
On CN Tf OO o 
CO NO O 
CN NO OO NO CN CN r- o 
o OO o —• r—< »n r—^ On oo 
s in no o d d CN CO CO o d o r—H CO 
* 
* 
* 
* * * Z * 
* * 
* * 
* 
* 
-» 
* 
oo 
Z 
cn OO On CO On NO in r—^ 
PU On r» O 00 O • • • CO Tf CN oo CN 
O d —• in cn CO >-i NO in CN* 
On CN co 
cu 
CN 
U 
in NO "t cn r-* On O NO NO oo CO NO CN 
On CO NO • O wo Tj- oo • • • • OO CO • • • CO 0 o • o 0 
s 
cn* On »n r-i CO r- co in m CN t—H • 
NO (N it CO fH (N 
C/3 
D 
JL - 00 00 oo oo 00 00 00 A 
* 
r% 
* * z z * z z z Z Z 
Uh 
<n CN o m co NO Tf CN CN in 
OO co p p CN P ^ NO 
r-H 
tL. 
q 
,—4 oo Tf T—<1 »—» CO ’-i CN CN d rH 
(N m 
3 
CO oo t— CO oo CO oo NO 
3 
m On 
CO oo *—j »—i p Tf CN CN 
s 
oo On cn co co CO NO rt t—; CN CN CN* 
r—H <N 
r-H 
£ i—t co »—• CO CN NO CN NO 
CN OO NO CN 
r-H geo CO 
H 
U) 
1) 
•5 
^ o rt 
B'1’ 
CO 
o 
r N 
g 
>g 
o 
g 
3 
o 
x— 
a 
'— 
•5 
£ 
2 
V) 
•4-* 
3 
§ 
c3 
2 
r N V3 
O ^ 
^ T3 rX 
p -s » 
bn?! 
c "fa 5J 
O <L> 03 
Pi 
X 
8 
c 
^ on 
X > 
K 
X 
Pi 
X 
X 
K 
X 
? 
ClJ 
V-I 
O 
b 
X-s 
X) 
t- 
g 
CO o H U K eS K ODD a a w w 
Pi 
x 
X 
O * 
+ o 
g 
o 
fa 
c 
o 
O 
X 
x 
O 
w 
Pi 
x 
V) 
> 
H X 
x x 
O O 
. - «. 
X 
X 
a 
* 
x 
a 
u 
a 
tr 
§ 
w 
CO D 
CO 
> 
fa a 
o 
U 
2 =* 
t 
J: § £ w 
X) 
u 
o 
fa 
w 
382 
N
S
 =
 n
o 
si
gn
if
ic
an
ce
; 
* 
=
 s
ig
n
if
ic
an
t 
(P
<
0.
05
);
 *
* 
=
 h
ig
h
ly
 s
ig
n
if
ic
an
t 
(P
cO
.O
l)
 
T
ab
le
 9
.3
4
 
A
n
al
y
si
s 
o
f 
va
ri
an
ce
 f
o
r 
fo
ra
ge
 q
u
al
it
y
 o
f 
th
e 
se
co
n
d
 h
ar
v
es
t 
al
fa
lf
a 
an
d 
to
ta
l 
fo
ra
ge
 f
o
ll
o
w
in
g
 p
o
st
em
er
g
en
ce
 a
p
p
li
ca
ti
o
n
s 
o
f 
se
th
o
x
y
d
im
, 
fl
u
az
if
o
p
, 
h
al
o
x
y
fo
p
 a
nd
 q
u
iz
al
o
fo
p
 i
n 
19
86
. 
<D 
ci u 
O 
U* 
& 
Cl* 
U* 
CO 
s 
u* 
CO 
CO 
s 
CO 
2 
u 
O 
CO 
co cocococococococo 
oo oor-cNr-moor-l(Mo 
Os 0\ (S CO O r-1 >0 rj \0 M • —* . • _ * •••*•• 
VO OVOOOOOOOO 
OOTf«0<Sp''T^^r^>OOOTj-00<NCO 
«COO»—<00©OOOOddd»—< 
co cocococococococococo 
z ZZZZZZZZZZ 
vnvoTfpa\r-ooo»o-H 
voTtr^-TtcNvovoTj-oou^ _ ; •••••••••• 
<N »-'CS»-t«-4r-i000»-*0 
ooTt'-'ONoovocnr-'Ovcsr^r^v-ir^vo 
ir)^cooot^co^t>.c<)TtrrtN0oin\o 
oo Tf oo vd iri c4 ts vo ^-1 cri co 
Tt r-t 
co COCOCOCOCOCOCOCOCOCO z zzzzzzzzzz 
CO OO^OOIOOVfO-HCOin 
vnoovoONTt—*co(NTt 
<N O© 0 000^000 
•n m Tf 
vo o r^- oo Scor-TfrHoot^r)(Nvon .^OSooooinvtoovooo 
—• <N o O O O ^ o o o* o 
CO 
£ 
ON 
<N 
CO 
cocococococococococo 
,t(so\covoin^tvovoin ,-'^tcO(Nino\Ovcot^t^ • • _ • • •••••• 
’-'CNOO^hOOOCSO 
>n(NOOr-i(r)|s.ooOvOO(NVOiOTf 
r^TfONCOTtOOOOCNCNCOTj-OO 
vo Tt co oo’ ^h" d vn co co >—< d r4 co co 
VO 1—I _ 
CO 
CN (N Tt OO 
CO (N VO (N VO 
VO 
« 
co 
.X 
o 
Op _✓ 
X 
o 
■s 
o 
H 
> g 
e 
•5 a* 
^ Vh 
§ 
03 P? 
cu 
s 
I a 
S 
03 
— •Sc* 
’p ’o * 
b s £ X 
c m H 
O o e« 
OO <N 
pp 
X x 
* -O O 
E v< v- 
x 8 8 
OOOOOpqw 
H 
X 
g 
c 
6 
03 
> 
X PC 
X X 
i 
383 
er
ro
r 
a-
 U
 (
-C
) 
-
 
E
rr
o
r 
b-
 T
, 
C
o
n
tr
o
l 
vs
 T
, 
G
 x
 T
, 
G
 v
s 
C
on
tr
ol
 (
+
C
) 
E
rr
o
r 
c-
 H
, 
R
, 
H
 x
 R
, 
G
 x
 H
, 
G
 x
 R
, 
G
 x
 H
 x
 R
 (
-C
) 
N
S
 =
 n
o 
si
gn
if
ic
an
ce
; 
* 
=
 s
ig
n
if
ic
an
t 
(P
<
0.
05
);
 *
* 
=
 h
ig
h
ly
 s
ig
n
if
ic
an
t 
(P
<
0.
01
) 
Literature Cited 
1. Association of Official Agricultural Chemists. 1980. Official methods of analysis. 
13th ed. Assoc. Offic. Anal. Chem., Washington, D. C. 
2. Buchholtz, K. 1962. Some characteristics of quackgrass and their relation to control. 
Proc. Northeast. Weed Control Conf. 16:16-22. 
3. Davidson, C. G., D. L. Wyse and R. L. McGraw. 1985. Quackgrass (Agropvron 
repens) control and establishment of three forage legumes with three selective 
herbicides. Weed Sci. 33:824-831. 
4. Duke, W. B. and J. H. Birk. 1985. Fluazifop for quackgrass control in seedling 
alfalfa. Proc. Northeast. Weed Sci. Soc. 39:29. 
5. Dutt, T. E., R. G. Harvey, R. S. Fawcett, N. A. Jorgensen, H. J. Larsen and D. A. 
Schlough. 1979. Forage quality and animal performance as influenced by 
quackgrass (Agropvron repens) control in alfalfa (Medicago sativa) with pronamide. 
Weed Sci. 27: 127-132. 
6. Fawcett, R. S. and R. G. Harvey. 1978. Field comparison of seven dinitroaniline 
herbicides for alfalfa (Medicago sativa) seeding establishment. Weed Sci. 26:123-127. 
7. Gabor, W. E. and C. Veatch. 1981. Isolation of a phytotoxin from quackgrass 
(Agropvron repens) rhizomes. Weed Sci. 29:155-159. 
8. Hay, J. R. Biology of quackgrass and some thoughts on its control. 
Down Earth Sum: 14-16. 
9. Hicks, C. P. and T. N. Jordan. 1984. Response of bermudagrass (Cvnodon 
dactvlon). quackgrass (Agropvron repens) and wire stem muhly (Muhlenbergia 
frondosa) to postemergence herbicides. Weed Sci. 32:835-841. 
10. Ivany, J. A. 1984. Quackgrass (Agropvron repens) control in potatoes (Solanum 
tuberosum) with sethoxydim. Weed Sci. 32:194-197. 
11. Kells, J. J., W. F. Meggit and D. Penner. 1984. Absorption, translocation and 
activity of fluazifop-butyl as influenced by plant growth stage and environment. 
Weed Sci. 32:143-149. 
12. Kommedahl, T., K. M. Old, J. H. Ohman and E. W. Ryan. 1970. Quackgrass 
and nitrogen effects on succeeding crops in the field. Weed Sci. 18:29-32. 
13. LeFevre, C. W. and C. O. Claggett. 1960. Concentration of a growth inhibitor from 
quackgrass (Agropvron repens). Proc. Northcent. Weed Control Conf. 14:352-356. 
14. Leroux, G. D. and R. G. Harvey. 1985. Herbicides for sod seeding establishment of 
alfalfa (Medicago sativa) in quackgrass (Agropvron repens) - infested alfalfa swards. 
Weed Sci. 33:222-228. 
15. Leroux, G. D. and R. G. Harvey. 1986. Comparison of fall-applied pronamide 
with spring-applied sethoxydim for quackgrass (Agropvron repens) control in 
established alfalfa (Medicago sativa). Weed Sci. 34:444-448. 
384 
16. Mueller-Warrant, G. W. and D. W. Koch. 1983. Fall and spring herbicide treatment 
for minimum tillage seeding of alfalfa (Medicago satival. Weed Sci. 31:391-395. 
17. Ohman, J. H. and T. Kommedahl. 1964. Plant extracts, residues and soil minerals in 
relation to competition of quackgrass with oats and alfalfa. Weeds 12:222-231. 
18. Osvald, H. 1948. Toxic exudates from the roots of AeroDvron repens. 
J. Ecol. 38:192-193. 
19. Peters, R. A. 1982. No-tillage forage establishment. Connecticut Cooperative 
Extension Service Bulletin 82-33. 
20. Phlak, F. 1967. The effects of quackgrass on succeeding plants. 
Plant Soil 27:273-284. 
21. Rohweder, D. A., R. F. Barnes and N. A. Jorgensen. 1978. Proposed hay 
grading standards based on laboratory analyses for evaluating quality. J Anim 
Sci. 47: 747-759. 
22. Sprankle, P., W. F. Meggitt and D. Penner. 1975. Absorption, action and 
translocation of glyphosate. Weed Sci. 23:235-240. 
23. Stoltenberg, D. E. and D. Wyse. 1986. Regrowth of quackgrass (Agropvron 
rgpgps) following postemergence application of haloxyfop and sethoxydim. 
Weed Sci. 34:664-668. 
24. Toai, T. V. and D. L. Linscott. 1979. Phytotoxic effects of decaying quackgrass 
(Agropvron repens) residues. Weed Sci. 27:595-598. 
25. Triplett, G. B., Jr., R. W. Van Kuren, and J. D. Walker. 1977. Influence of 2,4-D, 
pronamide and simazine on dry matter production and botanical composition of an 
alfalfa-grass sward. Crop Sci. 17:61-66. 
26. Waldecker, M. A. and D. L. Wyse. 1984. Quackgrass (Agropvron repen si 
control in soybeans (Glvcine maxi with BAS 9052 OH, KK80 and RO 13-8895. 
Weed Sci. 32:67-75. 
27. Werner, P. A. and R. Rioux. 1977. The biology of Canadian weeds. 24. Agropvron 
repens (L.) Beauv. Can. J. Plant Sci. 57:905-919. 
28. Weston, L. A. and A. R. Putnam. 985. Inhibition of growth, nodulation and nitrogen 
fixation of legumes by quackgrass (Agropvron repensl. Crop Sci. 25:561-565. 
29. Weston, L. A. and A. R. Putnam. 1986. Inhibition of legume seedling growth by 
residues and extracts of quackgrass (Agropvron repensl. Weed Sci. 34:366-372. 
385 
BIBLIOGRAPHY 
1. Abernathy, J. R., B. Bean and J. R. Gibson. 1983. Soil and foliar activity of 
selective grass herbicides. Abstr. Weed Sci. Soc. Am. p. 31. 
2. Alley, H. P., R. E. Vore and N. E. Humberg. 1982. Research in Weed Science. 
1981. Research Journal 172 University of Wyoming, Laramie Wyoming, Alfalfa 
Section I pp. 12-17. 
3. Asare-Boamah, N. K. and R. A. Fletcher. 1983. Physiological and cytological 
effects of BAS 9052 OH on com (Zea mavsl seedlings. Weed Sci. 31:49-55. 
4. Banks, P. A. and T. N. Tripp. 1983. Control of iohnsongrass (Sorghum 
halepense) in soybeans (Glvcine max) with foliar applied herbicides. 
Weed Sci. 31:628-633. 
5. Barnes, R. F. 1978. Forage testing and its application. In M. E. Health, D. S. 
Metcalf and R. F. Barnes, eds. Forages, the Science of Grassland Agriculture, 
3rd ed. The Iowa State Univ. Press, Ames, LA. pp. 654-663. 
6. Bear, F. E. and A. Wallace. 1950. Alfalfa. Its mineral requirements and chemical 
composition. N. J. Agr. Exp. Sta. Bui. 748:32. 
7. Bhowmik, P. C. and E. N. McGlew. 1983. Effects of tank-mix combinations of 
2,4-DB and postemergence grass herbicides. 47th Annual Report of Forage 
Research in Northeastern United States, pp. 42-43. 
8. Bhowmik, P. C. and E. N. McGlew. 1983. Quackgrass control in established 
alfalfa with early application of postemergence grass herbicides. 47th Annual Report 
of Forage Research in Northeastern United States, p. 39. 
9. Bhowmik, P. C. and E. N. McGlew. 1983. Quackgrass control in established 
alfalfa with late application of postemergence grass herbicides. 47th Annual Report 
of Forage Research in Northeastern United States, p. 40. 
10. Blaser, R. E. and N. C. Brady. 1950. Nutrient composition in plant associations. 
Agron. J. 42:128-135. 
11. Bosworth, S. C., C. S. Hoveland, G. A. Buchanan and W. B. Anthony. 1980. 
Forage quality of selected warm season weed species. Agron. J. 72:1050-1054. 
12. Bosworth, S. C., C. S. Hoveland and G. A. Buchanan. 1986. Forage quality of 
selected cool-season weed species. Weed Sci. 34:150-154. 
13. Brewster, B. D., A. P. Appleby and R. L. Spinney. 1977. Control of Italian 
ryegrass and wild oats in winter wheat with Hoe-23408. Agron. J. 68:911-913. 
14. Brink, G. E. and G. C. Marten. 1986. Barley vs. oat companion crops: I. Forage 
yield and quality response during alfalfa establishment. Crop Sci. 26:1060-1067. 
15. Brink, G. E. and G. C. Marten. 1986. Barely vs. oat companion crops: II. 
Influence on alfalfa persistence and yield. Crop Sci. 26:1067-1071. 
386 
16. Broderick, G. A. 1985. Alfalfa silage or hay versus com silage as the sole forage 
for lactating dairy cows. J. Dairy Sci. 68:3262-3271. 
17. Buchholtz, K. 1962. Some characteristics of quackgrass and their relation to 
control. Proc. Northeast Weed Corn. Conf. 16:16-22. 
18. Buhler, D. D., B. A. Swisher and O. C. Burnside. 1985. Behavior of 14C- 
haloxyfop-methyl in intact plants and cell cultures. Weed Sci. 33:291-299. 
19. Buhler, D. D. and O. C. Burnside. 1983. Soil activity of fluazifop, sethoxydim and 
Dowco 453 [methyl 2-(4-((3-chloro-5-(trifluoromethyl)-2-pyridinyl) oxy) phenoxv) 
propanoate]. Abstr. Weed Sci. Soc. Am. p. 29. 
20. Buhler, D. D. and O. C. Burnside. 1984. Herbicidal activity of fluazifop-butyl 
haloxyfop-methyl and sethoxydim in soil. Weed Sci. 32:824-831. 
21. Buhler, D. D. and O. C. Burnside. 1984. Effect of application factors on 
postemergence phytotoxicity of fluazifop-butyl, haloxyfop-methyl and sethoxydim 
Weed Sci. 32:574-583. 
22. Burton, J. D., J. W. Gronwald, D. A. Somers, B. G. Gengenbach and D. L. Wyse. 
1988. Inhibition of Acetyl-Coenzyme A Carboxylase by sethoxydim and haloxvfoo. 
Abstr. Weed Sci. Soc. Am. p. 63. 
23. Campbell, J. R. and D. Penner. 1981. Absorption and translocation of BAS 9052 
OH [2-( 1 -(ethoxyimino) -butyl)-5-(2- (ethylthio) propyl) -3-hydroxy-2- 
cyclohexene-1 -one]. Abstr. Weed Sci. Soc. Am. p. 108. 
24. Campbell, J. R. and D. Penner. 1982. Compatability of diclofop and BAS 9052 
OH with bentazon. Weed Sci. 30:458-462. 
25. Campbell, J. R. and D. Penner. 1985. Sethoxydim metabolism in 
monocotyledonous and dicotyledonous plants. Weed Sci. 33:771-773. 
26. Chandrasena, N. R. and G. R. Sagar. 1984. Effects of fluazifop-butyl on shoot 
growth and rhizome buds of Elvmus repens (L.) Gould. Weed Res. 24:297-303. 
27. Chandrasena, N. R. and G. R. Sagar. 1986. Uptake and translocation of 14C 
fluazifop by quackgrass (Agropvron repens). Weed Sci. 34:676-684. 
28. Chemicky, J. P., B. J. Gossett and T. R. Murphy. 1984. Factors influencing 
control of annual grasses with sethoxydim and RO 13-8895. Weed Sci. 32:174-177. 
29. Cho, H., J. N. Widholm and F. W. Slife. 1986. Effects of haloxyfop on com (Zea 
mays) and soybean (Glvcine max) cell suspension cultures. Weed Sci. 34:496-501. 
30. Claus, J. S. and R. Behrens. 1976. Glyphosate translocation and quackgrass 
(Agropvron repens) rhizome bud kill. Weed Sci. 24:149-152. 
31. Cooper, C. E. 1967. Relative growth of alfalfa and birdsfoot trefoil seedlings under 
low light intensity. Crop Sci. 7:176-178. 
32. Cords, H. P. 1973. Weeds and alfalfa hay quality. Weeds 21:400-401. 
387 
33. Cords, H. P. May 1975. Weed control and alfalfa establishment. Nevada 
Agricultural Experiment Station Bulletin B-37 8pp. 
34. Cosgrove, D. R. and M. Barret. 1987. Effect of weed control in established alfalfa 
(Medicago sativa) on forage yield and quality. Weed Sci. 35:564-567. 
35. Davidson, C. G., D. L. Wyse and R. L. McGraw. 1985. Quackgrass (Agropvron 
repens) control and establishment of three forage legumes with three selective 
herbicides. Weed Sci. 33:824-831. 
36. Davis, R. G., A. G. Weise and J. L. Pafford. 1965. Root moisture extraction 
profiles of various weeds. Weeds 13:98-100. 
37. Dawson, J. H. and C. M. Rincker. 1982. Weeds in seedings of alfalfa (Medicago 
sativa) for seed production: competition and control. Weed Sci. 30:20-25. 
38. Derr, J. F., T. J. Monaco and T. J. Sheets. 1985. Response of three annual grasses 
to fluazifop. Weed Sci. 33:693-697. 
39. Derr, J. F., T. J. Monaco and T. J. Sheets. 1985. Uptake and translocation of 
fluazifop by three annual grasses. Weed Sci. 33:612-617. 
40. Dest, W. M., R. A. Peters and A. C. Triolo. 1972. Annual weed control in new 
seedings of alfalfa. Proc. Northeast. Weed Cont. Conf. 26:239-242. 
41. Dest, W. M., R. A. Peters and A. C. Triolo. 1974. An evaluation of herbicides for 
crabgrass control in a new seeding of alfalfa. Proc. Northeast. Weed Cont. 
Conf. 28:47-51. 
42. Ditterline, R. L., C. S. Cooper, L. E. Wisner, J. R. Simis and V. R. Stewart. 
1976. Growing alfalfa in Montana. Montana Agric. Exp. Sta. Montana State 
University, Bozeman. Bulletin 684. 
43. Dortenzio, W. A. and R. F. Norris. 1979. Antagonistic effects of desmedipham on 
diclofop activity. Weed Sci. 27:539-544. 
44. Duke, W. B. and J. H. Birk. 1985. Fluazifop for quackgrass control in seedling 
alfalfa. Proc. Northeast. Weed Sci. Soc. 39:29. 
45. Duke, W. B. and V. S. Rao and J. F. Hunt. 1972. EPTC-Atrazine residue 
interaction effect on seedling alfalfa varieties. Proc. Northeast Weed Sci. 
Soc. 26:262. 
46. Dutt, T. E., R. G. Harvey, R. S. Fawcett, N. A. Jorgensen, H. J. Larsen and D. A. 
Schlough. 1979. Forage quality and animal performance as influenced by 
quackgrass (Agropvron repens) control in alfalfa with pronamide. 
Weed Sci. 27:127-132. 
47. Dutt, T. E., R. G. Harvey and R. S. Fawcett. 1982. Feed quality of hay 
containing perennial broadleaf weeds. Agron. J. 74:673-676. 
48. Edelman, D. K., R. L. Ritter and T. C. Harris. 1984. Weed control in a spring 
seeding of no-tillage alfalfa. Proc. Northeast. Weed Sci. Soc. 38:2. 
388 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
Fairbain, C. B. and B. Thomas. 1959. The potential nutritive value of some 
common to northeastern England. J. Br. Grassl. Soc. 14:36-46. 
weeds 
hprhi?/^Rf S‘ ]^Iarvey- l978* Field companson of seven dinitroaniline 
herbicides for alfalfa (Msdicago satival seeding establishment. 
Weed Set. 26:123-127. 
Fawcett, R. S., R. G. Harvey, D. A. Schlough and I. R. Block. 1978 
I£C£ns) 0011X101111 estabUshed (Medicagp mm). 
Foy, C. L. and H. L. Witt 1983. Three postemergence grass selective herbicides 
for weed control m first year alfalfa. Abstr. Weed Sci. Soc. Am. pp. 10-11. 
Gabor, W. E. and C. Veatch. 1981. Isolation of a phytotoxin from quackgrass 
(Agropyrpn leggas) rhizomes. Weed Sci. 29:155-159. 
"rail1983 BAS 9052 *«■ 
Gillespie, G. R. and J. D. Nalewaja. 1986. Postemergence grass control herbicides 
applied to the soil. Weed Sci. 34:942-947. 
Gilreath, J. P. 1983. Postemergence grass herbicides. Weeds Today 14:3-5. 
Gist, C. R. and G. O. Mott. 1957. Some effects of light intensity, temperature and 
soil moisture on the growth of alfalfa, red clover and birdsfoot trefoil seedlines 
Agron. J. 49:33-36. 6 * 
C. R. and G. O. Mott. 1958. Growth of alfalfa, red clover and birdsfoot 
trefoil under various quantities of light. Agron. J. 50:583-585. 
Grichar, W. J. and T. E. Boswell. 1986. Postemergence grass control in peanut 
(Aiadustacogafia). Weed Sci. 34:587-590. 
Griffith, W. K. 1978. Forages in the United States, A Perspective. J. Anim. 
61. Gronwald, J. W. 1986. Effect of haloxyfop and haloxyfop-methyl on elongation 
and respiration of com (Zea mavs) and soybean (Glvcine maxi roots. 
Weed Sci. 34:196-202. 
Hammond, L. E., J. V. Handly, R. L. Swann, C. L. Hanson and T. T. Bauman. 
1982. Soil residual activity of Dowco 453 ME herbicide. Proc. Northeast. Weed 
Corn. Conf. 37:76. 
63. Handley, J. V., B. C. Gerwick and R. D. Vatne. 1983. Preemergence potential for 
haloxyfop-methyl in soybean production. Proc. Northeast. Weed Cont. 
Conf. 38:10. 
64. Harnson, S. K., L. M. Wax and L. E. Bode. 1986. Influence of adjuvants and 
application variables on postemergence weed control with bentazon and sethoxydim 
Weed Sci. 34:462-466. 
389 
65. Harrison, S. K. and L. M. Wax. 1986. Adjuvant effects on absorption, 
translocation and metabolism of haloxyfop-methyl in com (Zea mays). 
Weed Sci. 34:185-195. 
66. Hartzler, R. G. and C. L. Foy. 1983. Efficacy of three postemergence grass 
herbicides for soybeans (Glvcine max). Weed Sci. 31:557-561. 
67. Hartzler, R. G. and C. L. Foy. 1983. Compatability of BAS 9052 with aciflurofen 
and bentazon. Weed Sci. 31:597-599. 
68. Hay, J. R. 1962. Biology of quackgrass and some thoughts on its control. Down 
Earth Sum: 14-16. 
69. Hicks, C. P. and T. N. Jordan. 1984. Response of bermudagrass (Cvnodon 
dactyfon), quackgrass (Agropvron repens) and wirestem muhly Muhlenberg a 
ffondosa) to postemergence grass herbicides. Weed Sci. 32:835-841. 
70. Himmelstein, F. J. and R. A. Peters. 1981. Comparison of three postemergence 
grass herbicides on a new alfalfa seeding. Proc. Northeast. Weed Sci. 
Soc. 35:70-74. 
71. Himmelstein, F. J. and R. A. Peters. 1982. Non-incorporated herbicides for large 
crabgrass Digitaria sanguinalis (L.) Scop. Abstr. Weed Sci. Soc. Am. pp 21-22. 
72. Himmelstein, F. J. and R. A. Peters. 1983. Timing of postemergence grass 
herbicides for annual grass control in a new alfalfa seeding. Proc. Northeast. Weed 
Sci. Soc. 37:57-60. 
73. Himmelstein, F. J. and R. A. Peters. 1983. Crabgrass-alfalfa competition as 
influenced by application of postemergence herbicides. Proc. Northeast Weed Sci. 
Soc. 74-79. 
74. Hosaka, H., H. Inaba, A. Satoh and H. Ishikawa. 1984. Morphological and 
histological effects of sethoxydim on com (Zea mavs) seedlings. Weed 
Sci. 32:711-721. 
75. Hosaka, H. and M. K. Takagi. 1987. Physiological responses to sethoxydim in 
tissues of com (Zea mavs) and pea (Pisum sativum). Weed Sci. 35:604-611. 
76. Hosaka, H. and M. K. Takagi. 1987. Selectivity mechanisms of sethoxydim 
absorption into tissues of com (Zea mavs) and pea (Pisum sativum). 
Weed Sci. 35:619-622. 
77. Howard, W. T. and J. Melbye. 1987. Neutral detergent fiber: an improved measure 
of forage quality. Hoard’s Dairyman 132:715. 
78. Ivany, J. A. 1975. Effects of glyphosate application at different growth stages on 
quackgrass control. Can. J. Plant Sci. 55:861-863. 
79. Ivany, J. A. 1984. Quackgrass (Agropyron repens) control in potatoes (Solanum 
tuberosum) with sethoxydim. Weed Sci. 32:194-197. 
390 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
Jain, R. and W. H. Vanden Bom. 1983. Morphological and histological effects of 
sethoxydim, fluazifop-butyl and Dowco 453 on wild oats (Avena fatua). Abstr. 
Weed Sci. Soc. Am. p. 73. 
Kells, J. J. and G. Waamarta. 1987. Effect of adjuvant and spray volume on 
quackgrass (Agropvron repens) control with selective postemergence herbicides. 
Weed Technology 1:129-132. 
Kells, J. J., W. F. Meggit and D. Penner. 1984. Absorption, translocation and 
activity of fluazifop-butyl as influenced by plant growth stage and environment 
Weed Sci. 32:143-149. 
Kells, J. J., W. F. Meggit and D. Penner. 1986. Activity of selective 
postemergence grass herbicides in soil. Weed Sci. 34:62-65. 
Kommedahl, T., K. M. Old, J. H. Ohman and E. W. Ryan. 1970. Quackgrass and 
nitrogen effects on succeeding crops in the field. Weed Sci. 18:29-32. 
Kust, C. A. 1968. Herbicides or oat companion crop for alfalfa establishment and 
forage yields. Agron. J. 60:151-154. 
Langemeier, M. A. and W. Witt. 1986. Johnsongrass (Sorghum halepense) control 
in reduced tillage systems. Weed Sci. 34:751-755. 
Larson, K. L. and J. D. Eastin. 1971. Drought injury and resistence in crops. 
Crop Sci. Soc. Am., Spec. Publ. 2. Madison, WI. 
LeFevre, C. W. and C. O. Claggett 1960. Concentration of a growth inhibitor 
from quackgrass (Agropvron repens). Proc. Northcent. Weed Cont 
Conf. 14:352-356. 
Leonard, R. T. and R. C. Wakefield. 1967. Influence of time of seeding on the 
effectiveness of several herbicides used for establishing an alfalfa-bromegrass 
mixture. Proc. Northeast. Weed Cont. Conf. 21:278-285. 
Leroux, G. D. and R. G. Harvey. 1982. Postemergence herbicides for quackgrass 
control in alfalfa. Proc. Northcent. Weed Cont. Conf. 37:103. 
Leroux, G. D. and R. G. Harvey. 1985. Herbicides for sod seeding establishment 
of alfalfa (Medicago sativa) in quackgrass (Agropvron repensVinfested alfalfa 
swards. Weed Sci. 33:222-228. 
Leroux, G. D. and R. G. Harvey. 1986. Comparison of fall-applied pronamide 
with spring-applied sethoxydim for quackgrass (Agropvron repens) control in 
established alfalfa (Medicago sativa). Weed Sci. 34:444-448. 
Leroux, G. D., R. G. Harvey, N. A. Jorgensen and M. Collins. 1985. Influence 
of hoary alyssum on quality of alfalfa forage and its utilization by goats. 
Weed Sci. 33:280-284. 
Linscott, D. L. - survey coordinator. 1979. Economic losses due to weeds-forage 
legumes. Supplement Proc. Northeast Weed Sci. Soc. 33:58-60. 
i 
391 
95. Linscott, D. L., A. A. Akhavein and R. D. Hagin. 1967. Paraquat for weed 
control prior to establishing legumes. Weed Sci. 17:428-431. 
96. Linscott, D. L. and R. D. Hagin. 1978. Weed control during establishment of 
biidsfoot trefoil (Lotus gflmiculatus) and red clover (Trifolium pratensel with EPTC 
andDinoseb. Weed Sci. 26:497-501. 
97. Lucas, R. E., G. D. Scarseth and D. H. Sieling. 1942. Soil fertility as it influences 
plant nutrient composition and consumption. Ind. Agr. Exp. Sta. Bui. 468. 
98. Marten, G. C. 1978. The animal-plant complex in forage palatability phenomena. 
J.Anim. Sci. 46:1470-1477. 
99. Marten, G. C. and R. N. Anderson. 1975. Forage nutritive value and palatability of 
12 common annual weeds. Crop Sci. 15:821-827. 
100. McAvoy, W. J. 1982. Today's Herbicide: Poast. Weeds Today. 
Vol. 13. No. 2 p. 7. 
101. McCarty, M. K. and P. F. Sand. 1961. Chemical weed control in seedlings alfalfa 
III. Effect of some herbicides on five varieties. Weeds 9:14-19. 
102. Moline, W. J. and L. R. Robinson. 1971. Effect of herbicides and seeding rates on 
production of alfalfa. Agron. J. 63:614-616. 
103. Moshier, L. and D. Penner. 1978. Use of glyphosate in sod seeding alfalfa 
(Medicago sativa) establishment Weed Sci. 26:163-166. 
104. Mueller-Warrant, G. W. and D. W. Koch. 1980. Establishment of alfalfa by 
conventional and minimum tillage techniques in a quackgrass-dominant sward. 
Agron. J. 72:884-889. 
105. Mueller-Warrant, G. W. and D. W. Koch. 1983. Fall and spring herbicide 
treatment for minimum tillage seeding of alfalfa (Medicago satival. 
Weed Sci. 31:391-395. 
106. Mueller-Warrant, G. W., D. W. Koch and J. R. Mitchell. 1979. Chemical control 
of orchardgrass preceding a no-till alfalfa seeding. Proc. Northeast. Weed Sci. 
Soc. 33:31-32. 
107. Nalewaja, J. D. and G. A. Skrzypczak. 1986. Absorption and translocation of 
sethoxydim with additives. Weed Sci. 34:657-663. 
108. Nalewaja, J. D. and G. A. Skrzypczak. 1986. Absorption and translocation of 
fluazifop with additives. Weed Sci. Vol. 34:572-576. 
109. Nelson, J. E. 1982. The influence of primary tillage on herbicide incorporation. 
Proc. Northcent. Weed Cont. Conf. 37:138. 
110. Norris, R. F., W. H. Isom, V. L. Marble and S. R. Radosevich. 1977. Weed 
control in seedling alfalfa. Leaflet Div. Agric. Sci. Univ. Calif. Berkley Coop. 
Ext. Service Leaflet. 2917. 7 pp. 
392 
111. Norris, R. G. and R. A. Lardelli. 1984. Activity of postemergence grass 
herbicides in the soil. Proc. West. Soc. Weed Sci. 37:226. 
112. Ohman, J. H. and T. Kommedahl. 1964. Plant extracts, residues, and soil minerals 
in relation to competition of quackgrass with oats and alfalfa. Weeds. 12:222-231. 
113. O Sullivan, P. A. and J. T. OT)ovan. 1980. Interaction between glyphosate and 
various herbicides for broadleafed weed control. Weed Res. 20:255-260. 
114. O’Sullivan, P. A., H. A. Friesen and W. H. Vanden Bom. 1977. Influence of 
herbicides for broadleafed weeds and adjuvants with diclofop methyl on wild oat 
control. Can. J. Plant Sci. 57:117-125. 
115. Osvald, H. 1948. Toxic exudates from the roots of AeroDvron reDens. 
J.Ecol. 38:192-193. 
116. Parker, R. 1980. Weed control in seedling alfalfa. EM Wash. State Univ. Coop. 
Ext. Serv. Pullman, Wash. The Service. (4622) Extension Bulletin 1058. 4 pp. 
117. Parker, W. B., D. A. Somers, D. L. Wyse, J. W. Gronwald, B. G. Gengenbach 
and J. D. Burton. 1988. Selection and characterization of com cell lines tolerant to 
sethoxydim. Abstr. Weed Sci. Soc. Am. p. 64. 
118. Pearson, J. O. 1980. Postemergence graminicides for broadleaf crops. Abstr. 
Weed Sci. Soc. Am. p. 114. 
119. Peek, J. 1982. CGA-82725 - A new postemergence herbicide for control of grass 
weeds in broadleaf crops. Weeds Today. Vol. 13. No. 2. p. 20. 
120. Peters, E. J. 1964. Preemergence, preplanting and postemergence herbicides for 
alfalfa and birdsfoot trefoil. Agron. J. 56:415-419. 
121. Peters, E. J. and R. A. Peters. 1972. Weeds and weed control. In C. H. Hansen, 
ed. Alfalfa Science and Technology. Am. Soc. Agron. Monograph 15 pp. 555-573. 
122. Peters, R. A. 1961. Legume establishment as related to the presence or absence of 
an oat companion crop. Agron. J. 53:195-198. 
123. Peters, R. A. 1963. The influence of drought on the behavior of herbicides in 
legume establishment. Proc. Northeast. Weed Cent. Conf. 17:249-254. 
124. Peters, R. A. 1978. HOE 29152 for crabgrass control in new seedings of alfalfa. 
Proc. Northeast. Weed Sci. Soc. 32:12-17. 
125. Peters, R. A. 1979. Competition between seedling alfalfa and crabgrass as 
influenced by herbicide treatments. Proc. Northeast. Weed Sci. Soc. 33:20-23. 
126. Peters, R. A. 1980. Postemergence control of crabgrass with BAS 9052 OH in new 
alfalfa and red clover seedings. Proc. Northeast. Weed Sci. Soc. 34:105. 
127. Peters, R. A. 1982. No-tillage forage establishment. Connecticut Cooperative 
Extension Service Bulletin 82-33. 16 pp. 
393 
128. Peters, E. J. and J. F. Stritzke. 1970. Herbicides and nitrogen fertilizer for the 
establishment of three varieties of spring-sown alfalfa. Agion. J. 632:259-262. 
129. Phlak, F. 1967. The effects of quackgrass on succeeding plants. 
Plant Soil 27:273-284. 
130. Pike, D. R. and J. F. Stritzke. 1984. Alfalfa (Medicago satival - cheat (Bromus 
secalinus) competition. Weed Sci. 32:751-756. 
131. Pntchet, W. L. and L. B. Nelson. 1951. The effect of light intensity on the growth 
characteristics of alfalfa and bromegrass. Agion. J. 43:172-177. 
132. Rayburn, E. B., J. F. Hunt and D. L. Linscott. 1981. Three year summary of 
no-till forage establishment research on New York farm sites. Proc. Northeast 
Weed Sci. Soc. 35:65-66. 
133. Ready, E. L. 1982. Fusilade herbicide - a new selective postemergence grass 
herbicide for grass weeds. Weeds Today Vol. 13. No. p. 20. 
134. Reid, J. T. 1977. Potential for increased use of forages in dairy and beef rations. 
Page 165 in Proc. Tenth Res. - Industry Conf. Am. Forage Grassl. Counc., 
Lexington, KY. 
135. Retzinger, J. E. Jr., R. L. Rogers and R. P. Mowers. 1983. Performance of BAS 
9052 applied to johnsongrass (Sorghum halepensel and soybeans (Glvcine maxi. 
Weed Sci. 31:796-800. 
136. Rhodes, G. N., Jr. and H. D. Coble. 1984. Influence of application variables on 
antagonism between sethoxydim and bentazon. Weed Sci. 32:436-441. 
137. Rhodes, G. N., Jr. and H. D. Coble. 1984. Influence of bentazon on absorption 
and translocation of sethoxydim in goose grass (Eleusine indical. 
Weed Sci. 32:595-597. 
138. Rick, S. K., F. W. Slife and W. L. Banwart. 1983. Residual selectivity of selective 
grass herbicides. Proc. Northcent. Weed Cont. Conf. 39:24-25. 
139. Rick, S. K., F. W. Slife and W. L. Banwart. 1984. Absorption of selective grass 
herbicides by soil. Abstr. Weed Sci. Soc. Am. p. 97. 
140. Rohweder, D. A., R. F. Barnes and N. A. Jorgensen. 1978. Proposed hay grading 
standards based on laboratory analyses for evaluating quality. 
J. Anim. Sci. 47:747-759. 
141. Ryder, J. 1982. Dowco453ME. A new postemergence herbicide for annual and 
perennial grass control in cotton and soybeans. Weeds Today Vol. 19 No. 2. p. 21. 
142. Schreiber, M. M. and S. N. Fertig. 1955. The chemical composition of yellow 
rocket (Barbarea vulgaris) Agion. J. 47:104-105. 
143. Schroeder, D. E. 1982. Conservation tillage effects on herbicide incorporation. 
Proc. Northcent. Weed Cont. Conf. 37:137-138. 
394 
144. Sciarappa, W. J. and W. J. McAvoy. 1983. Grass control in alfalfa with 
sethoxydim. Supplement Proc. Northeast. Weed Sci. Soc. 37:90-92. 
145. Selleck, G. W. and D. D. Baird. 1981. Antagonism with glyphosate and residual 
herbicide combinations. Weed Sci. 29:185-190. 
146. Sheaffer, C. C., D. K. Barnes and G. C. Marten. 1988. Companion Crop vs. solo 
seeding. Effect on alfalfa seeding year forage and N yields. J. Prod. 
Agric. 1:270-274. 
147. Smith, D. 1969. Influence of temperature on the yield and chemical composition of 
'Vernal' alfalfa at first flower. Agron. J. 61:470-472. 
148. Sprague, M. A. 1952. The substitution of chemicals for tillage in pasture 
renovation. Agron. J. 44:405-409. 
149. Sprague, M. A., R. D. Hnicki, R. W. Chase and A. T. Kates. 1962. Growth of 
forage seedlings in competition with partially killed sods. Crop Sci. 2:52-54. 
150. Sprankle, P. and W. F. Meggitt. 1972. Effective control of quackgrass with fall 
and spring applications of glyphosate. Proc. Northcent. Weed Cont. Conf. 27:54. 
151. Sprankle, P., W. F. Meggitt and D. Penner. 1975. Absorption, action and 
translocation of glyphosate. Weed Sci. 23:235-240. 
/ 
152. Stoltenberg, D. E., J. W. Gionwald, J. D. Burton and D. L. Wyse. 1988. Effect of 
sethoxydim and haloxyfop on Acetyl-Coenzyme A Carboxylase in tolerant and 
susceptible fescue species. Abstr. Weed Sci. Soc. Am. p. 64. 
153. Stoltenberg, D. E. and D. Wyse. 1986. Regrowth of quackgrass (AgTPPyron 
repensl following postemergence application of haloxyfop and sethoxydim. Weed 
Sci. 34:664-668. 
154. Stonebridge, W. C. 1981. Selective postemergence grass weed control in broadleaf 
arable crops. Outlook on Agriculture. Vol. 10. No. 8. pp. 385-392. 
155. Swisher, B. A. and F. T. Corbin. 1982. Behavior of BAS 9052 OH in soybean 
(Glvcine maxi and johnsongrass (Sorghum halepense) plant and cell cultures. Weed 
Sci. 30:640-650. 
156. Taylor, T. H., E. M. Smith and C. W. Templeton, Jr. 1969. Use of minimum 
tillage and herbicide for establishing legumes in Kentucky bluegrass 
(Poa pratensis L.l swards. Agron. J. 61:761-766. 
157. Temme, D. G., R. G. Harvey, R. S. Fawcett and A. W. Young. 1979. Effects of 
annual weed control on alfalfa forage quality. Agron. J. 71:51-54. 
158. Toai, T. V. and D. L. Linscott. 1979. Phytotoxic effects of decaying quackgrass 
(AgTopvron repensl residues. Weed Sci. 27:595-598. 
159. Trimmer, M. C. and D. L. Linscott. 1985. Effects of DPX-Y6202, haloxyfop and 
PP005 on moisture uptake by quackgrass. Proc. Northeast. Weed Sci. Soc. 39.30. 
« 
395 
160. Triplett, G. B., Jr., R. W. Van Kuren and J. D. Walker. 1977. Influence of 2,4-D, 
pronamide and simazine on dry matter production and botanical composition of an 
alfalfa-grass sward. Crop Sci. 17:61-66. 
161. Triplett, G. B., Jr. and D. M. Van Doren, Jr. 1977. Agriculture without tillage 
Sci. Am. 236(l):28-33. * 
162. Van Riper, G. E. 1964. Influence of soil moisture on the herbage of two legumes 
and three grasses as related to dry matter yields, crude protein and botanical 
composition. Agron. J. 56:45-50. 
163. Van Soest, P. J. 1965. Symposium on factors influencing the voluntary intake of 
herbage by ruminants: Voluntary intake in relation to chemical composition and 
digestibility. J. Anim. Sci. 24:834. 
164. Van Soest, P. J. 1967. Development of a comprehensive system of feed analysis 
and its application to forages. J. Anim. Sci. 26:119. 
165. Van Soest, P. J. 1978. Composition and nutritive value of forages. In M. E. 
Health, D. S. Metcalf and R. F. Barnes, eds. Forages, the science of Grassland 
Agriculture, 3rd ed. The Iowa State Univ. Press. Ames, IA. pp. 53-63. 
166. Vaughan, R. H. and D. L. Linscott. 1983. Herbicide performance in no-till 
establishment in grain stubble. Proc. Northeast. Weed Sci. Soc. 37:68-72. 
167. Vengris, J. 1977. Annual weed control in new alfalfa seedings. Proc. Northeast 
Weed Sci. Soc. 31:99-103. 
168. Vengris, J., M. Drake, W. G. Colby and J. Bart. 1953. Chemical composition of 
weeds and accompanying crop plants. Agron. J. 45:213-218. 
169. Wakefield, R. C. and J. O. Pearson. 1964. Effects of herbicides and management 
factors on establishment of alfalfa seedings. Proc. Northeast Weed Cont Conf. 
18:319-324. 
170. Wakefield, R. C. and C. D. Sawyer. 1983. Control of annual weedy grasses in no¬ 
till alfalfa seedings. Proc. Northeast. Weed Sci. Soc. 37:8. 
171. Waldecker, M. A. and D. L. Wyse. 1984. Quackgrass (Agropvron repens) control 
in soybeans (Glvcine maxi with BAS 9052 OH, KK 80 and RO 13-8895. 
Weed Sci. 32:67-75. 
172. Waldo, D. R. and N. A. Jorgensen. 1981. Forages for high animal production: 
Nutritional factors and effects of conservation. J. Dairy Sci. 64:1207-1229. 
173. Welty, L. E., R. L. Anderson, R. H. Delany and P. F. Hensleigh. 1981. 
Glyphosate timing effects on establishment of sod-seeded legumes and grasses. 
Agron. J. 73:813-817. 
174. Werner, P. A. and R. Rioux. 1977. The biology of Canadian weeds. 24. 
Agropvron repens (L.) Beauv. Can. J. Plant Sci. 57:905-919. 
396 
175. Weston, L. A. and A. R. Putnam. 1985. Inhibition of growth, nodulation and 
nitrogen fixation of legumes by quackgrass (Agropvron repens'). 
Crop Sci. 25:561-565. 
176. Weston, L. A. and A. R. Putnam. 1986. Inhibition of legume seedling growth by 
residues and extracts of quackgrass (Agropvron repens'). Weed Sci. 34:366-372. 
177. Whitwell, T., G. Wehtje, R. H. Walker and J. A. McGuire. 1985. Johnsongrass 
(Sorghum halepense) control in soybeans (Glvcine max) with postemergence grass 
herbicides applied alone and in mixtures. Weed Sci. 33:673-678. 
178. Wilhm, J. L., W. F. Meggitt and D. Penner. 1986. Effect of aciflurofen and 
bentazon on absorption and translocation of haloxyfop and DPX-Y6202 in 
quackgrass (Agropvron repens). Weed Sci. 34:333-337. 
179. Wills, G. D. 1984. Toxicity and translocation of sethoxydim in bermudagrass 
(Cvnodon dactvlon) as effected by environment Weed Sci. 32:20-24. 
180. Wilson, H. P., R. D. Ilnicki, L. D. Liu and E. J. Visinski. 1966. Preplant, 
preemergence and postemergence weed control in spring-seeded and summer-seeded 
alfalfa. Proc. Northeast Weed Cont. Conf. 20:328-333. 
181. Wilson, R. G. 1986. Weed control in irrigated seedling alfalfa (Medicago sativa). 
Weed Sci. 34:423-426. 
182. York, A. C. and F. W. Slife. 1981. Interaction of buthidazole and acetanilide 
herbicides. Weed Sci. 29:461-468. 
397 


